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Customers who can effectively perform the tasks necessary in their service 
participation, and who are motivated to perform these tasks, experience improved 
satisfaction and service quality. In order to ensure customers have adequate skills and 
motivation, service designs incorporate practices which train and educate them. The 
goal of this research was to investigate how customers can effectively be trained and 
educated so that they can perform their service tasks. Based on various theories used in 
the field of management, we developed several research models to investigate this 
issue. These models were tested through survey data collected from adult patients with 
type-2 diabetes who attended outpatient diabetes education programs provided by 
seven hospitals in South Carolina during 2009 and 2010. These seven educational 
programs served approximately 6,560 patients during these two years, and we sent the 
survey to a representative sample of 3,198 patients in the spring of 2011. A total of 
518 surveys (a 16 percent response rate) were returned. The sample characteristics are 
a good match with the characteristics of the population; 67 percent   are female, 83 
percent white, and 79 percent older than 45 years. Our analysis involved bivariate 
correlations and structural equation modeling factors including the difficulty of the 
health-related tasks (e.g., measuring blood glucose level and meal planning) that 
patients have to learn, the educational methods used for teaching these tasks (e.g., 
attendance at group classes and extent of hands-on experience etc.), the outcomes of 
the educational methods (e.g., patient knowledge and motivation etc.) and 
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demographics (e.g., gender, race and education etc.). It was found that training and 
education have value for both customers and service providers; however, these 
programs can be more effective if they are tailored based on the characteristics of the 
tasks that customers need to perform. We also provide suggestion on how managers 
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CHAPTER 1 – INTRODUCTION 
 
Services are delivered to customers through a set of processes referred as service 
design. This design determines the extent to which customers participate in services as 
well as the efficiency and effectiveness of the service. In complex services it is difficult 
for the customer to perform their required tasks unless they have received enough 
training and education. As a result, service design needs to include customer training and 
education (CTE).  Customers who can effectively perform the necessary service tasks 
during the service process help to create an experience which is more effective and 
efficient, resulting in higher customer satisfaction (Bateson, 1985; Bateson, 2002).  
This research uses multiple theories to investigate CTE in various service 
designs.  It seeks to understand how customers can effectively be trained and educated to 
perform their service tasks in complex services where customers have a high level of 
participation. The role of CTE in service design was investigated in the context of Type 2 
diabetes education.  The service processes used to deliver healthcare are complex as both 
the clinical processes and the patients involved create independent variables that interact 
during the delivery process. In addition, CTE is necessary since patients are primarily 
responsible for delivering their own treatments and monitoring their own adherence to a 
treatment plan. 
Our investigation led us to the model seen in Figure 1.1. This model integrates 
three general concepts used to investigate customer training and education (CTE), 
planned service practices to improve customer service participation by increasing their 
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understanding and ability to perform service tasks. These concepts are CTE design, CTE 
context and CTE outcome. CTE design, seen on the left, explains how CTE is provided to 
customers based on two elements. CTE method explains how CTE is communicated to 
customers (e.g., written material or personal meetings), while CTE content which 
explains the form of knowledge communicated to customers (e.g., conceptual knowledge 
or practical skills). The second fundamental concept is CTE outcome, seen on the right, 
which includes customer satisfaction and service quality. We argue that CTE design has 
an impact on CTE outcomes. The third concept is the CTE context which explains the 
contextual factors (e.g., service task or organizational characteristics) that influence this 
causal relationship between CTE design and CTE outcome.  
 






Our investigation is presented in three separate essays each of which is based on different 
management theories and explains different aspects of this integrative model. 
Essay 1: Customer training and education in service design: An organizational 
information processing perspective 
The theory used in this essay is Organizational Information Theory (Galbraith, 
1973; Tushman and Nadler, 1978). Specifically, we investigated whether there is a 
relationship between the customer perceived difficulty of learning a service task and 
customer perceived use and effectiveness of CTE method. In addition, we investigated 
whether the relationship between customer use of a particular training and education 
method and their resultant satisfaction, knowledge and behavioral change are dependent 
on the customer perceived difficulty of learning a service task.  
Essay 2: Customer training and education in service design: A customer readiness 
model perspective 
The theory used in this essay is the Customer Readiness Model (Bowen, 1986). 
Specifically, we investigated how the three CTE content elements – informing customers 
of important service responsibilities, giving them hands-on experience, and 
communicating the consequences of performing or not performing these tasks – improve 
customer and service performance.  
Essay 3: Customer training and education in service design: Customer contact and 
training evaluation model perspectives 
The theories used in this study are the customer contact model (Kellogg and 
Chase, 1995) and the training evaluation model (Kirkpatrick and Kirkpatrick, 2006). To 
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understand the CTE method, this time we used the customer contact model (Kellogg and 
Chase, 1995), and to evaluate the impact of customer contact characteristics on CTE 
method, we used the theoretical lens of the Training Evaluation Model (Kirkpatrick and 
Kirkpatrick, 2006). The main difference between essay 1 and essay 3 is that in the latter 
we used a more comprehensive measure of CTE method and CTE outcomes, such as 
incorporating the concepts of CTE duration and customer trust of educators as well as we 
investigating how these various elements jointly improve CTE outcomes. 
The results of the first study partially support its overall argument that the task 
difficulty increases, CTE programs should use CTE methods with higher levels of 
information processing capacity. Through moderation models we found that the impact of 
CTE methods on CTE outcomes is dependent on the task characteristic. In addition, we 
found that task characteristics should be measured in various dimensions, such as easy vs. 
difficult as well as in terms of physical vs. cognitive to better explain dependency 
between task characteristics and CTE methods.  
The results of the second essay indicated that depending on the task 
characteristics, the significance of the CTE content to improve customer knowledge and 
motivation may be different. Specifically, we found that for the task of meal planning, all 
three CTE content elements, role education, skill training and consequence education are 
needed; however, for measuring blood glucose level, only skill training is adequate. We 
also found that based on the characteristics of the task also the impact of the customer 
readiness factors, role clarity, knowledge and motivation on customer and service 
outcomes may also be different. Particularly, for the meal planning task motivation is the 
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most important factor in changing customer behavior; however, for the task of measuring 
blood glucose level, customer improved knowledge is adequate for improving customer 
effective behavior. In addition, in this study we found that the impact of CTE content on 
customer readiness is dependent on one another, meaning skill training is more effective 
when educators explain the benefits.  
In essay 3, this study supports that CTE programs which use rich media and 
develop trust will achieve higher levels of customer satisfaction and customer knowledge. 
These two characteristics indirectly increase customer effective behavior and service 
performance through customer satisfaction and knowledge. In addition, we found that the 
impact of one CTE media on outcome is dependent on the use of other CTE media and 
on patient trust. Finally, we found that the impact of these CTE design elements on CTE 
outcomes is dependent on the task that patients need to learn.  
We argue that these findings can be extrapolated to other services. Like health 
care, in other services customers participate in the delivery systems as well as receive 
some level of training and education. However, we argue that customer training and 
education is particularly important in professional services because usually they require 
extensive customer participation in difficult tasks.  
Each of the three essays are presented in the next three chapters and in final 
chapter, Chapter 5, we explain the conclusions, focusing on the contribution of this study 
to service design theory.  
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CHAPTER 2 – ESSAY 1 
 
CUSTOMER TRAINING AND EDUCATION IN SERVICE DESIGN: AN 
ORGANIZATIONAL INFORMATION PROCESSING PERSPECTIVE 
 
2.1. Introduction 
When customers participate in service delivery, the effectiveness and the 
efficiency of the service depend on the customers’ ability to perform the required tasks. If 
the service tasks customer must perform are difficult to learn, then the service provider 
may include customer training and education (CTE) in the service design to ensure that 
customers have the adequate ability to perform the required service task. This paper uses 
organizational information processing theory (OIPT) to investigate how the difficulty of 
learning service tasks affects the appropriateness of CTE methods used in the service 
design. Various CTE methods have different levels of information processing capacity, 
and this paper examines if CTE methods with higher information processing capacity are 
more appropriate for CTE when the service tasks are more difficult for the customer to 
learn. 
A premise of OIPT is that the level of task uncertainty, or “the difference between 
the amount of information required to perform the task and the amount of information 
already possessed by the organization” (Galbraith, 1977, p.36), determines the 
appropriate organizational design. OIPT argues that an organization design determines its 
capacity to process information and consequently reduces uncertainty. In services, task 
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uncertainty is created when the customers do not understand how to perform the required 
service tasks, the level of uncertainty increasing for service tasks that are difficult to 
learn. In addition, as the difficulty of learning a service task increases, the information 
processing requirement also increases. So service designs need to incorporate CTE 
methods with increasing levels of information processing capacity to develop customer 
abilities required to perform the service tasks.  
Some service designs reduce customer uncertainty by ensuring that customer do 
not perform difficult service tasks, specifically by reducing customer participation 
(Levitt, 1972; Chase, 1978; Schmenner, 2004). For example, fast-food chains reduce 
customer participation to mitigate unpredictable customer behavior which, in turn, 
improves service productivity. A second approach for improving service productivity is 
to incorporate practices that manage customer behavior (Chase and Dasu, 2001; Cook et 
al., 2002; Bateson, 2002; Frei, 2006). For example, theme parks cannot eliminate 
customer participation, so they incorporate practices to convert novice customers into 
experts ones with predictable behaviors. This change can be accomplished with maps 
displaying locations and signs explaining procedures. In addition employees can 
intervene whenever a customer appears uncertain about what to do. 
In complex and on-going services such as healthcare and legal services, many 
service tasks have to be performed by the customer. Since these customers typically do 
not have prior knowledge of how to perform these tasks, the service performance depends 
on the CTE provided within the service design. For example, recently diagnosed diabetes 
patients may not understand how to track blood glucose levels and plan meals. Healthcare 
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providers may teach these patients how to perform these tasks using multiple methods 
(diabeteseducator.org and diabetes.org). 
While prior service literature has recognized that customer performance affects 
service quality, costs and customer satisfaction (e.g., Frei , 2006), it has not examined 
how to implement CTE in service design. There is anecdotal evidence that CTE helps to 
improve service performance (see the summary of the service literature in Appendix A-
1), but there have not been any theoretically based empirical studies of the use of CTE. It 
is not clear what types and levels of CTE methods are appropriate for a particular service 
design and customer service task characteristics.  
Voss and Hsuan (2009) conceptualize service design as the integration of multiple 
service modules each of which may be more or less interdependent or coupled to other 
modules in the service design. In a complex service such as healthcare, CTE can be a 
separate module that is loosely coupled to the other modules in the service design. This 
paper investigates the value of CTE in diabetes patient education, which is a loosely 
coupled module in hospital service design. Hospitals are complex services which 
integrate many service modules (e.g., physician diagnosis, x-ray and surgery) in their 
service design to give ongoing care to their patients. The healthcare services provided to 
a diabetic patient module may include physician check-ups, blood tests, physician 
diagnoses, pharmacy visits, diabetes education and more. In this service, diabetes 
education is a loosely coupled module. While diabetes education is usually 
recommended, it is not compulsory for patients to receive CTE. By studying a loosely 
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coupled module, this paper is able to more clearly understand the effects of CTE on 
service performance.  
In Section 2.2, the literature related to CTE and to the organizational information 
processing theory is reviewed; while Section 2.3 discusses the research model and 
hypotheses investigated here. Section 2.4 explains the methodology used in this study; 
Section 2.5 includes analysis of the results and Section 2.6 includes the discussions, 
leading to the conclusions found in Section 2.7.  
 
2.2. Literature review 
We formally define CTE as planned service practices to improve customer service 
participation by increasing their understanding and ability to perform service tasks. 
Training involves those service practices that focus on providing customer understanding 
with “how-to” skills or abilities to perform service tasks, while education consists of 
those service practices that provide a general conceptual understanding or “know-why” 
of the service tasks. This definition is based on relevant perspectives found in service 
literature (Lovelock and Young, 1979; Fitzsimmons and Fitzsimmons, 2008; Zeithaml et 
al., 2009) and human resources literature (Michalak and Yager, 1976; Mayo and DuBois, 
1987; Noe 1999; Wexley and Latham, 2001; Goldstein and Ford, 2002; Levy, 2003). 
Similar to the concepts of know-how and know-why (Mukherjee et al., 1998), the former 
is the process understanding usually gained through learning-by-doing, while the latter is 
understanding the principles or theory behind performing the process. For example, a 
nurse may show patients how to give themselves an insulin shot or a nurse may explain to 
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them the role of insulin in the human body and the need for an insulin shot. The former is 
training, and the latter is education.  
Both service marketing (e.g., Honebein, 1996) and human resources literature 
(e.g., Noe, 1999) view training and educational practices as planned efforts. This idea of 
planned effort is a critical distinction since, for example, a hotel customer in a casual 
conversation with another customer can learn that coffee is always available in lobby 
area. This casual conversation is not customer training since it is not a planned part of the 
service design. However, if a receptionist gives a brief orientation to hotel customers 
informing them that coffee is available in the lobby area, then the customer has been 
given training. At the same time, not all planned server customer interactions are CTE as 
it involves more than the passing of information and facts. CTE involves planned efforts 
to improve customer understanding. For example, a grocery cashier telling a customer 
that she owes a certain amount of money is not providing customer training; rather is the 
cashier is completing a simple transaction. However, a low-cost, self-service grocery that 
does not bag purchases would provide training when the cashier explains this store policy 
to the customers.  
The goal of CTE is to gain effective participation from customers. This 
distinguishes CTE from advertisement and marketing efforts, which communicate service 
specific knowledge in order to motivate a purchase. For example, an advertisement in a 
magazine showing the bank’s new self-service technology provides knowledge to attract 
additional customers. When the customer arrives and a bank teller explains how this new 




2.2.1. Service strategy, service design and CTE designs  
The service literature suggests two strategies for improving service productivity. 
One service productivity improvement strategy is to reduce or eliminate customer 
participation in the service process (e.g., Levitt, 1972; Chase, 1978; Schmenner, 2004) 
because this participation is associated with uncertainty. Another strategy is to manage 
customer co-productive behaviors (e.g., Chase and Dasu, 2001; Cook et al., 2002; 
Bateson, 2002; Frei 2006). Mills et al. (1983) and Mills and Morris (1986) referred to 
customers as partial employee to explain their co-productive role in services. This view 
of the co-production of services has recently received increased attention through the 
development of two theories; Sampson and Froehle’s (2006) unified services theory and 
Vargo and Lusch’s (2006) dominant-service logic argue that customers are sources of 
significant input and value to service, roles that are more important than the view that 
they are uncertainty. Focusing on customers as co-producers gives services a competitive 
advantage.  
Service strategy drives the service delivery system design (Roth and Menor, 
2003). Voss and Hsuan (2009) view service design as a set of service modules that may 
tightly or loosely linked. A tightly linked module is one customers must use before they 
can use another. For example, if a customer wants a mortgage from a bank, he must 
complete and pass a credit check application before the bank will discuss mortgage rates. 
Loosely linked modules may be used or ignored if the customer does not believe they are 
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valuable. For example, a newly diagnosed diabetic may be referred to a diabetic 
education program but can still obtain services without completing the program.  
The service strategy of managing customer co-productive behaviors suggests 
incorporating CTE into the service design either as a tightly or loosely coupled service 
module. For this training and education to be successful, two design decisions are 
considered as explained in the right column of the table in Appendix A-1: (1) method of 
CTE, (2) timing and location of CTE. Prior research on the methods of CTE is concerned 
with the specific communication media used, the most common being impersonal media 
such as written instructions, signs, manuals, maps and billboards (Bowen, 1986; Mills 
and Morris 1986; Bitner et al., 1997; Bateson, 2002; Halbesleben and Buckley, 2004; 
Zhao et al., 2008). While most impersonal sources are printed, some also incorporate 
visual and audio communication technologies such as realistic service previews (Bowen, 
1986; Bitner et al., 1997; Bitner, 2002; Bateson, 2002; Friedman, 2005; Halbesleben and 
Buckley, 2004). Personal sources require a person, usually an employee, to serve as the 
source of CTE (Lovelock and Young, 1979; Bowen, 1986; Mills and Morris, 1986; 
Bitner et al., 1997; Bateson 2002; Friedman 2005; Halbesleben and Buckley, 2004; Frei, 
2006; Zhao et al., 2008). Peer-customers can also function as sources of CTE (Goodwin, 
1988; Kelly et al., 1990; Bitner et al., 1997; Bateson, 2002; Halbesleben and Buckley, 
2004).  
The second issue examined in the service design literature is the timing and 
location of CTE. The location may be either on- or off-site (Bowen, 1986; Bitner et al., 
1997; Llopis 2006). As Bowen (1986) explained, on-site training and education is 
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frequently used in services since employees are the primary source of customer contact. 
An off-site CTE requires customers to go to a second location, for example the company 
in Spain which invites multiple customers from various locations to its own site for 
training and education (Llopis, 2006) or the Center for Women’s Health Services which 
provides seminars and educational sessions to patients (Bitner et al. 1997). Off-site CTE 
usually requires a lower level of coupling then on-site CTE. The timing of the CTE is 
concerned with when training and education is provided in the customer/service 
relationship (Mills and Morris, 1986; Canziani 1997). Mills and Morris (1986) argue that 
in complex services, training and education should be given throughout the service, while 
some researchers emphasize the importance of training and education at a customer’s 
initial interaction with the service system (Alba and Hutchinson, 1987; Solomon et al., 
1985; Frei 2006). 
 
2.2.2. Organizational information processing theory 
Organizational information processing theory (OIPT) evolved from the 
contingency models of organizational design (e.g., Burns and Stalker, 1961; Chandler, 
1962; Lawrence and Lorsch, 1967; Thompson, 1967). Contingency theorists argue that 
since there is no one best way to manage an organization, managers prescribe the 
appropriate decisions based on organizational context and conditions (Donaldson, 2001). 
The developers of OIPT, Galbraith (1973, 1974 and 1977) and Tushman and Nadler 
(1978) consider organizational design as the vehicle for information processing, which is 
the “gathering, interpreting, and synthesis of information in the context of organizational 
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decision making” (Tushman and Nadler, 1978) and information processing as the remedy 
for uncertainty. Primarily, this theory suggests a fit between organizational design and 
uncertainty, explaining that the appropriate organizational design depends on the level of 
uncertainty and the amount of information processing required. A highly uncertain 
situation needs to be coordinated by an organizational design which has high information 
processing capacity, while a certain situation can be managed by an organizational design 
with a low information processing capacity.  
 
2.2.3. Organizational designs of OIPT 
Galbraith (1973) and Tushman and Nadler (1978) suggested a hierarchical 
ranking of organizational designs based on their level of information processing 
capacities. From lowest to highest, these designs are: (1) rules and programs, (2) 
hierarchical referral, (3) goal setting/joint planning and (4) lateral relationships and/or 
formal information processing systems. Table 2.1 shows these four in the left column and 
their information processing characteristics as discussed by Galbraith (1974), Van de Ven 
et al. (1976) and Mintzberg (1979) on the right. These characteristics are (1) the level of 
line employee discretion, (2) the communication media/source used to achieve 
coordination, and (3) the content of information to achieve coordination. Formal 
information processing systems such as computers and databases are not included here 
because these technologies function as supporting mechanisms for increasing the 
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As this table suggests, the information processing capacity increases as the line 
employee discretion (e.g., Ito and Peterson, 1986) and the use of information rich media 
(e.g., Daft and Langel, 1986) increase. As employees gain discretion, they are more 
willing to use their personal expertise, allowing for improved gathering, interpretation 
and synthesis of information. In addition, media or sources of interaction that process rich 
information reduce uncertainty (Daft and Lengel, 1986). For example, face-to-face 
communication processes richer information than written because it allows individuals to 
incorporate emotions and body language. 
Moving down the hierarchy of designs, the organizational design communicates 
more conceptual knowledge, requiring more information processing. Basically, 
communication of programmed task behaviors usually requires know-how type of 
knowledge, while communication of outcomes/goals is more complicated as they require 




2.2.3.1. Rules and programs 
In general terms, rules and programs do not give much discretion to employees, 
with managers communicating highly standard and programmed task behaviors to line 
employees primarily through impersonal or written media. At low uncertainty, this type 
of design is effective because for a situation requiring a low level of information, an 
organizational design delivering a low level of information is adequate. According to Van 
de Ven et al. (1976), this type of design communicates pre-set behaviors and instructions 
to employees, functioning as a codified blueprint of actions with deviations being 
immediately obvious. Galbraith (1973) agrees, saying rules and programs are the simplest 
method for coordinating interdependent subtasks. 
 
2.2.3.2. Hierarchical referral 
In the hierarchical referral design, employees do not have much discretion, with 
managers communicating customized task behaviors to them through personal or verbal 
communication. According to Galbraith (1973), in new situations, for which there is no 
preplanned response, employees look to their managers to learn the necessary behaviors 
and receive instructions. Similar to rules and programs, this type of design does not give 
much discretion to employees; however, since it requires the use of face-to-face 
communication, it has a higher capacity for processing information. Mintzber (1979) 
used the term “direct supervision” to explain this type of design, clarifying that it 
achieves coordination by having “one individual take responsibility for the work of 




2.2.3.3. Goal setting / joint planning 
When the tasks become complicated, it is not feasible for a manager to 
communicate all the necessary behavior, so managers and employees may need to plan 
the goals collaboratively, with the latter deciding the appropriate behaviors for achieving 
them (Galbraith,1973). This type of design, unlike the previous two, reduces uncertainty 
because it gives discretion to employees, allowing them to apply their relevant experience 
and expertise to the task. In addition, it requires more extensive and richer 
communication sources.  
 
2.2.3.4. Lateral relationship  
Lateral relationships cut across lines of authority, giving discretion and 
empowerment to employees so that they can jointly decide organizational objectives and 
procedures with their managers (Galbraith 1973).  Galbraith (1973) explained that in this 
design there is large amount of contact among employees to define and search solutions 
for a problem. In this type of design, managers form a task force or team to jointly 
resolve the issue, requiring extensive verbal and face-to-face communication among a 
group of employees to overcome uncertainty. As a result, this design allows multiple 
people to share their perspectives for solving a problem, increasing information 
processing capacity. In addition, because this type of design allows for more discretion as 
well as for employees to use their specialized skills to resolve a problem, it has the 
highest level of information processing capacity. Van de Van et al. (1976) referred to this 
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design as the “group mode,” and Mintzberg (1979) argued that it works well under 
difficult circumstances. 
 
2.3. Research model 
OIPT’s four organizational designs and their information processing 
characteristics were used in this research to develop a conceptual model identifying the 
types of CTE designs appropriate for services given the level uncertainty of the tasks that 
the customers must perform. This theory is applicable to CTE because services extend the 
boundaries of their organization to include customers, meaning some level of 
participation and information processing by the customer is necessary; in fact, customers 
are considered as partial employees (e.g., Mills et al., 1983) and a source of productivity 
(e.g., Lovelock and Young, 1979; Sampson and Froehle, 2006). Services may need to 
incorporate CTE in their service design to manage and coordinate customer behaviors 
(e.g., Bateson, 2002; Frei, 2006). The appropriateness of the training and education 
design is dependent on the uncertainty of tasks that customers need to perform.  
Figure 2.1 proposes a ranking of the CTE designs that is equivalent in terms of the 
information processing capacity found in OIPT organization design. The horizontal line 
at the top shows that as the customer task uncertainty increases, the information 
processing requirements increase. The left line ranks the four OIPT designs in increasing 
information processing capacity and shows their equivalent CTE methods. The first of 
the two vertical lines on the right indicate the customer/service discretion allowed for 
each type of CTE method. The second of these two vertical lines refers to the type of 
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media used in the CTE design, indicating that more discretion allows for more 
information processing capacity because customer and server are more likely to use their 
experience and expertise. Similarly, richer media have greater information processing 
capacity because they require personal communication which requires human interaction. 
While formal hypotheses are developed later, Figure 2.1 suggests that a fit between the 
level of customer task uncertainty and CTE design.  
 





2.3.1. Customer task uncertainty 
As customer task uncertainty increases, the information processing requirement 
increases because customer task uncertainty represents the lack of customer ability and 
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understanding of the service tasks; and as this lack of understanding and ability increases, 
more information needs to be given to the customers, meaning learning the service task 
becomes more difficult for a customer. The CTE designs used in this model are based on 
customer task uncertainty, an extension of task uncertainty which is usually applied to 
employees in the human resources management and organizational sciences literature. 
Understanding customer task uncertainty is important because customer lack of 
knowledge has a significant impact on service performance (Shockley et al. 2010). A 
complete service process consists of tasks performed by customers, employees and 
technologies. Even though customer service performance represents a limited portion of 
this process, it potentially has a significant impact on service performance because of the 
interdependent nature of services. For example, a patient with diabetes has to manage her 
condition, but because of her lack of knowledge, her physician may not help her manage 
it effectively, leading to complications and less effective service.  
 
2.3.2. Customer training and education designs 
The four methods of CTE show in Figure 2.1 are distinguished from one another 
by the characteristics ranked from high to low on the three vertical lines labeled 





2.3.2.1. Procedural communications 
Procedural communications are equivalent to the use of rules and programs in 
OIPT. This CTE method requires low customer/server discretion. It communicates 
standard and programmed task behaviors to customers primarily through written media 
such as manuals and brochure; however, it can also be supported by audio and visual 
technologies as well as the internet. This design is the simplest and most practical but the 
most impersonal form of CTE, communicating generic, pre-determined instructions for 
handling frequently encountered situations. As Mills and Morris (1986) explained, 
services coordinate such low uncertainty customer tasks using well-developed rules and 
established guidelines. Since it communicates routine services rules, this type offers little 
discretion to customers.  
 
2.3.2.2. Instructional conversations 
In the model proposed here, instructional conversations/meetings are a type of 
training and education where the server meets or communicates individually with a 
customer to provide instructions about how to perform the standard behavior required. 
For example, restaurant staffs explain the menu by giving detailed explanations of 
ingredients and cooking options to a customer to facilitate the food order. This design is 
similar to procedural communication since it communicates required customer behavior, 
meaning it does not afford much discretion to customers, its focus being only to improve 
the practical understanding of the customers. However, it differs from procedural 
communication in that it is primarily verbal, creating a level of intimacy even though the 
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communication time is short. In addition, a server responds based on the needs of the 
customers, meaning these responses are not pre-determined but guided and monitored by 
the nature of the service. When a server is inexperienced, this design may require 
managerial involvement. For example, inexperienced restaurant staff may ask managers 
to explain the menu to the customer. While this type of design communicates information 
through personal interaction, its processing capacity is limited by the lack of both server 
and customer discretion and the short contact time.  
 
2.3.2.3. Goal-setting  
This training and education design is provided on a one-to-one basis, its purpose 
being to determine the goals appropriate for the individual customer. For example, a 
dietitian creates a weight loss plan for a customer based on the condition of her health; 
similarly, a bank teller may explain to customers the importance of a good credit history 
to qualify for a mortgage with a lower APR. This type of design is especially effective for 
situations that are complex, requiring the service provider to define the goal or expected 
task outcomes before the customers can decide the appropriate behavior. It requires more 
time with the customer than the previous two because it usually provides conceptual 
guidance. In addition, it allows more discretion and intimacy because the server and the 
customer plan and set goals according to the customer’s needs, meaning the information 
processing capacity of this design is higher.  
In addition, setting these goals may have a motivational impact depending on 
their characteristics (Locke and Latham, 2002). According to goal-setting theory, these 
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characteristics include goals that are measurable, challenging but realistic, agreed upon, 
accompanied by feedback and given adequate time to be achieved. While these five 
characteristics are important, they are not explicitly incorporated into the research model 
as it is assumed that service professionals are knowledgeable enough to set goals 
incorporating these characteristics. 
 
2.3.2.4. Group classes 
Group classes are training and education simultaneously provided to a group of 
customers, i.e., one-to-many. Used to deliver a large amount of practical and conceptual 
knowledge, this design requires flexible role performances by both the customer and the 
server, creating a partnership between them. Group classes may frequently discuss the 
task goals and behavior in general terms using informal discussions and allow customer 
to learn the perspectives of multiple people. Their structures allow a high level of server 
discretion, matched by customer discretion. Group meetings are primarily used for 
training and education in services involving highly uncertain and difficult tasks. For 
example, most hospitals have diabetes education programs which include group classes in 
which a health professional teaches patients how to manage their diabetes by facilitating 





2.3.2.5. Supplementary nature of training and education designs 
According to OIPT, organizational designs are not an either/or decision; rather 
more than one is frequently applied, the more effective one being more extensively 
implemented while others become supplementary depending on the situation. Similarly, a 
service design may use multiple types of CTE designs based on customer knowledge 
requirements. For example, for a relatively difficult task of a recently diagnosed diabetes 
patient learning to control her blood sugar, the primary CTE design may be goal setting 
and/or group meetings. However, health providers may also use procedural 
communications and instructional meetings to enhance patient understanding.  
 
2.3.2.6. Customer task uncertainty vs. customer training and education design  
The model proposed here indicates that the most appropriate CTE designs are 
located on the diagonal where the level of customer information processing requirements 
intersects with the information processing capacity. For a low level of customer task 
uncertainty, procedural communications are most appropriate, while for a high level, 
group meetings are the most effective. Even though it is possible to provide CTE for low 
uncertainty tasks using group meetings, this strategy would be not effective since they 
require extensive resources and procedural communications could meet the need using 
fewer resources. Similarly, using procedural communications to train customers to 
perform tasks having a level of high uncertainty would lead to low customer performance 




2.3.3. Developing hypotheses 
The conceptual model proposed here indicates the fit between customer task 
uncertainty and training and education designs. This concept of fit represents the level of 
congruence between variables. One of the preeminent researchers in this area, 
Venkatraman (1989), defined six types of fit models: moderation, mediation, matching, 
gestalt, profile deviation and covariation. Among these, the most commonly used are 
matching and moderation. While Galbraith (1973) and Tushman and Nadlar (1978) do 
not specify the type of fit, the literature on OIPT includes various fits models to 
investigate the relationship between organizational designs and uncertainty. Operations 
management literature also investigates such fit models as Hayes and Wheelwright’s 
(1979) product-process matrix and Huete and Roth’s (1988) service content-delivery 
channel matrix.  
 
2.3.3.1. Matching model 
To develop the hypotheses for this conceptual model, matching and moderation fit 
models are used. According to Venkatraman (1989), matching is a fit “specified without 
reference to a criterion variable.” It is measured most frequently using simple correlation 
but occasionally as a regression between two variables. Much research on OIPT 
investigates the relationship between organizational design and uncertainty as matching 
(Egelhoff, 1982; Kmetz, 1984; Ito and Peterson 1986; Draft and Lengel, 1986; Thomas 
and McDaniel, 1990; Smith and Grimm et al., 1991; Thomas and Trevino, 1993; 
Henderson and Fredrickson, 1996; Wang, 2001; Swanson, 2003), with uncertainty being 
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defined in various forms. In this study task difficulty is seen as equivalent with 
uncertainty as they are closely related and the literature on training needs assessment uses 
task difficulty, specifically the difficulty of learning a task, as a predictor for the type of 
training needed (e.g., Noe, 1999; and Goldstein, 1993). As a result, the remainder of this 
article considers task uncertainty as equivalent to task difficulty.  
This study hypothesizes two types of matching models: one predicts use as 
perceived by the customer and second, effectiveness as perceived by the customer. 
Service firms offer various types of CTE designs, but to a certain extent the customer can 
choose the type such as brochures, classes or personal contact. OIPT explains that as 
tasks becomes more uncertain, organization design becomes the one which can process 
more information. Similarly, as customers consider a task more difficult to learn, they 
chose and use CTE methods which have a higher information processing capacity. For 
example, when the task is easy to learn, customers will use procedural communication 
more frequently than other CTE methods; on the other hand, when the task is difficult to 
learn, customers are more likely to use group classes which allow hearing perspectives 
from other people through face-to-face interaction. Thus, we hypothesized that: 
H1: As the customer perceived task difficulty increases, customers will more 
extensively use training and education designs with greater information 
processing capacity.  
 
While customers can choose and use various training and education designs, their 
perception of effectiveness of the design can provide further explanation related to its 
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appropriateness. The perceived effectiveness of training and education design represents 
a customer’s opinion about its usefulness in teaching the task. While a customer may use 
a certain training and education design, she may still consider it ineffective. As a result, a 
second hypothesis considers this relationship:   
H2: As customers’ perceived task difficulty increases, customers perceive training 
and education designs with greater information processing capacity more 
effective.  
 
2.3.3.2. Moderation model 
The moderation model of fit suggests that the impact of an independent variable 
on a dependent variable is dependent on a third variable, a moderator (Venkatraman, 
1989). This model is a more comprehensive fit model than the matching one because it 
identifies independent and dependent variables. Much research on OIPT also investigates 
fit as moderation (Tushman, 1979a and 1979b; Bergh, 1988; Keller, 1994; Leifer and 
Mills, 1996; Roger and Miller et al., 1999; Roger and Bamford, 2002). The moderation 
model proposed here, illustrated in Figure 2.2, explains the relationship among customer 
use of training and education design (independent variable), perceived task difficulty 












This model suggests four levels of dependent variables or training and education 
outcomes, training satisfaction, task ability, task behavior and service performance. 
Kirkpatrick and Kirkpatirck (2006) measured satisfaction as how training participants 
react to the program, task ability as their increase in the knowledge and skills needed to 
perform a task, task behavior as whether customers can perform the appropriate 
behaviors after the training, and service performance as whether CTE improved service 
outcomes. All educational methods improve service and customer outcomes. For 
example, when customer read, talk to service employees or meet with other customer, 
they are more satisfied, learn more, change their behavior and improve the service 
performance. So it is hypothesized that: 
H3: Use of procedural communications improves (a) CTE satisfaction, (b) 
customer task ability, (c) customer task behavior (d) service performance. 
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H4: Use of instructional conversations improves (a) CTE satisfaction, (b) 
customer task ability, (c) customer task behavior (d) service performance. 
H5: Use of goal setting improves (a) CTE satisfaction, (b) customer task ability, 
(c) customer task behavior (d) service performance. 
H6: Use of group classes improves (a) CTE satisfaction, (b) customer task ability, 
(c) customer task behavior (d) service performance. 
 
In addition, the proposed here model suggests that the effects of CTE on training 
outcomes may be dependent on the difficulty of the task to be performed by the 
customers. For example, procedural communications may increase customer knowledge 
and influence their behaviors when customers consider the task simple. However, 
customers may not obtain the same outcomes when the task is difficult. So, the following 
hypothesis is proposed: 
H7: Customer perceived task difficulty moderates the relationship between 
customer training and education designs [(a) procedural communications, (b) 
instructional conversations, (c) goal setting, and (d) group classes] and CTE 





2.4. Methodology  
2.4.1. Sample 
An in-depth examination through interviews and observations of several 
professional services, a bank, a law office, a dental clinic and a hospital, was conducted 
to determine a service context suitable for obtaining data about CTE. These particular 
professional services were investigated because all require an ongoing relationship with 
their customers while the customers are required to perform tasks of varying difficulties. 
Since the effectiveness of these services may depend on the skills of their customer, each 
provides extensive CTE.  
From these services, the diabetes education program was selected for this study 
for several reasons. First, diabetes is an important health issue in the U.S., particularly in 
South Carolina. As a result, hospital administrators are motivated to provide effective 
training and education to improve patient and hospital outcomes. For example, 
preliminary interviews found data consistent with the literature that on average 30 percent 
of the patients in Upstate South Carolina hospitals have diabetes and approximately 12 
percent of the general population of South Carolina has diabetes (scdhec.gov). These 
diabetic patients who do not manage their condition well visit hospitals more frequently 
than other patients. However, insurance companies are reluctant to reimburse the 
hospitals for multiple visits by the same patient (diabeteseducator.org). Second, hospitals 
regularly train and educate their diabetes patients through a wide range of educational 
methods, including brochures, videos, group classes and one-on-one personal meetings. 
Third, all the hospitals we contacted provide the same educational content suggested by 
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the American Diabetes Association (ADA). However, the ADA does not dictate the 
training and educational methods, and the hospitals we sampled use different CTE 
methods at different points during customer training and education.  
Seven hospitals in South Carolina were selected and their diabetes education 
programs were investigated for this study. Table 2.2, which lists the demographics of 
these hospitals and their diabetes education programs, was created based on multiple 
interviews with chief diabetes educators and the participation by one researcher in the 
diabetes education programs at two hospitals. The information came from 2009 and 2010. 
These seven hospitals were selected because they are located in close proximity, serving 
populations with similar characteristics while there is variability among them in terms of 
educational methods used.  
The largest hospitals with the most extensive diabetes education programs are the 
Greenville Hospital System (GHS) and the Spartanburg Regional Healthcare system 
(SRHS), each serving 1000 patients with diabetes per year. The SRHS has the highest 
number of patients, approximately 900, who complete the standard education program. 
AnMed Health (AH) and Lexington Medical Center (LMC) are medium-size hospitals, 
while Oconee Medical Center (OMC), Easley Baptist (EB) and Cannon Memorial 




























































560 1000 900 (90%) 5 2 2 1 4 
AnMed Health (AH) 430 400 300 (75%) 4 1 3 1 2.5 
Lexington Medical 
Center (LMC) 415 400 100 (25%) 2 3 4 1 2 
Oconee Medical 
Center (OMC) 125 200 150 (75%) 1.5 1 3 1 3 
Easley Baptist (EB) 105 200 160 (80%) 2 1 4 1 2 
Cannon Memorial 

































10 7 3 – 10 4 1 
AnMed Health (AH) 9 7 3 – 10 3 1 
Lexington Medical 
Center (LMC) 12 4 2 – 10 4 1 
Oconee Medical 
Center (OMC) 10 6 3 – 10 4 1 
Easley Baptist (EB) 9 4 3 – 6 4.5 0.5 
Cannon Memorial 






All of these programs use a standard curriculum approved by the ADA, taught by 
educators certified by the National Certification Board for Diabetes Educators (NCBDE); 
however, each program differs in the total number of hours offered to its patients. In 
general, the standard education programs at most hospitals are approximately 10 hours 
because Medicare and Medicaid pay for only this amount of education. The standard 
education programs are 12 hours at GHS and LMC, and AH provides 9 hours of standard 
education with this hospital encouraging patients to attend free monthly support group 
meetings. CMH offers only 2 hours of education because it is not accredited and does not 
require insurance; however, it follows the curriculum of the ADA.  
These programs provide education to their patient through three primary methods: 
reading materials, personal meetings and group classes taught by certified diabetes 
educators. While all provide an extensive amount of reading material, there is variability 
in terms of the number and the duration of personal meetings and group classes. All these 
programs offer personal meetings that take approximately 1 hour, with LMC using this 
method more often than the others, offering 3 personal meetings in its standard education 
program. GHS, LMC and EB use group classes more than the others, offering 4 group 
classes in their standard education program, while SRHS offers the longest class, which 
is approximately 4 hours.   
As the educators follow the curriculum accredited by the ADA, they cover similar 
topics; however, their emphasis differs. Meal planning and measuring blood-glucose 
levels are the two primary topics covered in these classes, some others being taking 
medication, stress management and foot checking. As expected, because meal planning is 
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the most critical and difficult topic, it involves the largest portion of the classes, 
approximately 50 percent in the standard education program. The other primary topic is 
measuring blood-glucose levels, relatively easier, with educators spending approximately 
1 hour on this topic in the standard education program.  
The average attendance and the minimum and maximum class size also differ. For 
most hospitals, the average attendance is 6 to 7 patients per class, with LMC’s average 
being the lowest, 4 patients per class. The educators mentioned that they try not to 
schedule more than 10 patients per each class session because the quality of the teaching 
is affected when the number is more than that. The minimum class size is approximately 
2 or 3 patients. All hospitals, even if only one patient shows up, conduct the class; 
however, it is seldom that the number of patients drops below 3. 
While there is variability among hospitals in their standard education programs, 
this variability is even higher at the patient level, meaning each hospital customizes its 
education to meet patient needs. For example, a non-native person with low language 
skills may be referred to only personal meetings. In addition, patients eventually decide 
which education method is appropriate for them and how much they need.  For example, 
while GHS offers 12 hours of education, a patient may choose to obtain this education 
only through reading materials, not attending any meetings or classes. In addition, while 
two patients may receive the same type of education, they may perceive the experience 
differently.  
Table 2.3 compares these hospitals based on the demographics of the patients 
attending their programs. Consistently, in all these hospitals, female attendance is higher 
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than male, approximately 60 percent, and most patients, 70 percent, are white and over 45 
years of age. The same demographic data were collected from patients who evaluated the 
diabetes education programs of these hospitals. The information collected from educators 
was compared with the data collected from patients to check for non-response bias, 
ensuring the characteristics of the sample were consistent with the characteristics of the 
population attending the diabetes education program in the 7 hospitals investigated here.  
 
Table 2.3: Demographic information of hospitals for years 2009 and 2010 
 






patient 45 and 
older 
Greenville Hospital System 
(GHS) 
1000 600 (60%) 800 (80%) 700 (70%) 
Spartanburg Regional 
Healthcare System (SRHS) 
1000 600 (60%) 700 (70%) 750 (75%) 
AnMed Health (AH) 400 240 (60%) 240 (60%) 300 (75%) 
Lexington Medical Center 
(LMC) 
400 220 (55%) 300 (75%) 300 (75%) 
Oconee Medical Center 
(OMC) 
200 120 (60%) 150 (75%) 160 (80%) 
Easley Baptist (EB) 200 110 (55%) 180 (90%) 160 (80%) 
Cannon Memorial Hospital 
(CMH) 
80 50 (62.5 %) 55 (68.8%) 60 (75%) 
 
 
2.4.2. Survey development and data collection 
This study, which is part of a larger research agenda investigating how services 
train and educate their customers (Damali et al., Article 2; Damali et al., Article 3), 
focuses on how the difficulty of learning service tasks affects the appropriateness of the 
CTE methods used in the service design. We collected data though surveys sent to adult 
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patients with type-2 diabetes who attended outpatient diabetes education programs 
provided by these seven hospitals in South Carolina during 2009 and 2010. These seven 
educational programs served approximately 6560 patients during these two years, and we 
sent the survey to 3198 patients in the spring of 2011.  
To increase the validity and reliability of the survey, we followed the Roth et al.’s 
(2007) two-stage, “front-end” and “back-end,” scale development procedure seen in 
Figure 2.3, supplementing their “back-end” procedure with Dillman’s (2008) suggestions 
on survey construction and implementation. Roth et al.’s (2007) approach, which is 
similar to other widely accepted scale development methods such as those of Churchill 
(1979) and Clark and Watson (1995), was used here because it is one of the most recent 
scale development methods in the operations management field emphasizing the 
importance of the front-end stage in creating a valid and reliable instrument.  
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2.4.2.1. Theoretical domain and operational definitions of constructs  
The first of the 6 steps in Roth et al.’s (2007) procedure, the specification of the 
theoretical domain and operational definitions of the constructs, was begun by reviewing 
the literature on CTE, OIPT and employee training. This research resulted in the 14 
constructs and their conceptual definitions. To provide operational definitions and apply 
these constructs to our specific research problem, we conducted interviews with the 
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educators of these seven hospitals, their patients and one medical doctor specializing in 
endocrinology at GHS. In addition, these interviews were supplemented by direct 
observations of the researcher who attended two educational programs, one at OMC and 
one at AH.  
These interviews and observations lead to the decision to combine instructional 
conversations and goal setting constructs. While these constructs can be theoretically 
different, in their application in the diabetes education programs, they are not easily 
distinguishable because usually conversations and meetings with educators communicate 
both instructions and goals simultaneously. As a result, these two CTE methods were 
combined, and Hypothesis 5 was dropped from this study. In addition, the names of the 
CTE methods had to be changed to more practical terms to make them understandable by 
the respondents. The concept of procedural conversations is called the use of reading 
material; instructional conversations and goal setting are called personal meetings, but 
group classes remained the same.   
Table A.2.1 (see Appendix B) shows the final constructs forming the domain of 
this study, their initial definitions based on literature, and the final operational definitions 
these constructs. These interviews and observations did not significantly change the 
original definitions and explanations. The construct of perceived task difficulty evolved 
from the task uncertainty construct of (Galbraith, 1973). Task uncertainty is later 
operationalized as the multi-dimensional construct of task difficulty and task variability 
by Van de Ven and Ferry (1980). The concept of task difficulty is applied to employee 
training by Noe (2002) to explain the factors necessitating training. He defined task 
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difficulty as the level of knowledge required to learn how to do the task, the basis of the 
definition used here. The three definitions of the use of CTE methods and three 
definitions of effectiveness of CTE method are based on no formal definitions; however, 
we used descriptions and explanations of Galbraith (1974), Van de Ven et al. (1976) and 
Mintzberg (1979) to develop formal definitions. The four outcome measures of the CTE 
methods are based on human resources literature on employee training. From this 
literature, Kirkpatrick and Kirkpatrick (2006) defined four types of training outcomes: 
reaction, learning, behavior and results. While various employee training outcomes are 
discussed in the service literature, Kirkpatrick and Kirkpatrick’s (2006) explanation of 
training outcomes is more comprehensive and more frequently used in the management 
literature; so it is used in this study. Kirkpatrick and Kirkpatrick (2006) stated that the 
significance of the final outcome, results, is dependent on the service context. Based on 
the interviews and observations, we added the construct of patient health expenses and 
condition.  
 
2.4.2.2. Generate items 
The second step involved is survey development was generating the items. Table 
A.2.2 (see Appendix C) shows the original definitions and initial item pool. The initial 
pool of items was developed from the same literature as we used to develop the 
definitions; particularly for the construct of task difficulty, we gathered the items from 
the surveys of Van de Ven and Ferry (1980) but later we also used Noe’s (2002) items. 
For the constructs of use and effectiveness of CTE methods, we used the items from the 
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Van de Ven et al. (1976) and Van de Ven and Ferry (1980). For the outcome constructs – 
CTE satisfaction, customer ability and customer effective behavior – we used items from 
Kirkpatrick and Kirkpatrick (2006). Since Meuter et al. (2005) developed the scale of 
customer ability in the service design literature, we used their items instead of 
Kirkpatrick and Kirkpatrick’s (2006). In addition, in our first adapted item pool we did 
not add CTE satisfaction since we were debating whether to include that construct.   
The modifications to the items included the following: (1) the items were written 
so that respondents and the unit of analysis are the patients; (2) the items were written to 
measure patient experience of two primary diabetes management tasks: measuring blood-
glucose level and planning meals; (3) the service performance items – customer behavior, 
health expenses and condition – were written to be comparative measures of before and 
after training and education; and (4) items were written in reflective form, meaning they 
are the manifestation of the constructs and they appear to be conceptually 
interchangeable.  
 
2.4.2.3. Purify and pre-test items 
The third step of the procedure began with the purification of the adapted item 
pool and the construct definitions using 10 rounds of q-sort with Clemson University 
undergraduate and graduate students. The q-sort requires them to match the construct 
definitions with the items. The tentative validity and reliability of the items were 
determined by calculating the respondents’ correct hit rates. Each respondent matched 10 
items with 10 constructs to avoid mental fatigue, with each item being matched with a 
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construct by 7 respondents. The items with low hit rates, below 70 percent, indicated a 
lack of validity and reliability, so they were modified. According to Menor and Roth 
(2007), the simplicity of this measure does not require an established standard for 
assessing adequate percentages of agreement. We believe that a 70 percent hit rate creates 
adequate initial validity and reliability.  
The revised items were then pre-tested individually with 3 health educators and 
10 diabetic patients. For this pre-test, the items were compiled to create a preliminary 
survey instrument. For this pre-pilot study, respondents individually completed the 
survey following a think-aloud protocol so that the researcher was able to record their 
thoughts and emotions. These notes were subsequently used to modify the items and 
construct the survey. These interviews and notes revealed two important problems. First, 
the reading level was too high for the potential respondents, far above the fifth-grade 
reading level suggested by health literacy literature. Second, the length of the survey was 
too long, and as a result, the respondents lost focus and concentration. To address these 
problems, one researcher attended a workshop in health literacy earning a certification in 
preparing documents for patients, and one Clemson faculty expert in health literacy 
helped to revise the items. As a result, the wording was revised significantly, and the 
number of questions in the survey was reduced to 135, requiring for a respondent 
approximately 20 minutes completing it.  
After these changes were made, undergraduate students were used for three more 
rounds of q-sort until a 70 % hit rate for each item was achieved. We followed the same 
procedure used in the initial rounds of q-sort. Then, one more round of pre-tests was 
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conducted; this time we interviewed 5 patients and an educator individually. These 
interviewed revealed that the reading level and the number of the items were appropriate, 
and the item revisions were minor. 
 
2.4.2.4. Questionnaire development 
The fourth step was the construction of the survey, which consists of 135 
questions, 104 of which were perceptual items for measuring constructs used in the 
research model, 9 are objective measures of customer ability and 22 were control 
measures. The 104 perceptual items were randomized and asked in the first section of the 
survey to measure the patients’ subjective opinions about training and education. They 
specifically addressed teaching the tasks of meal planning and measuring blood glucose 
level as well as the impact of training and education on patient outcomes. Among these 
104 perceptual items, 70 are used in this study (the remaining 34 are analyzed in other 
research articles). In the initial survey construction, these perceptual items were measured 
using a 5-point agree-disagree Likert scale.   
In the second part of the survey, a total of 9 objective measures of customer 
ability tested the patients’ actual knowledge about meal planning and measuring blood 
glucose level. The meal planning was tested with 5 questions, while measuring the blood 
glucose level was tested with 4 questions. There was one more meal planning question 
because that skill is considered to be more difficult for patients to learn. These measures 
were multiple choice questions, the respondents marking their responses from 5 choices. 
The first three meal planning questions were developed based on Pfizer’s Newest Vital 
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Sign (pfizerhealthliteracy.com), and the remaining 6 measures were based on reading 
materials that the chief educators of each hospital provided to the researcher. These 
measures were also improved by interviews with two of these educators.  
The final section of the survey included the 22 control measures, 17 of them used 
in this study. These measures were developed based on healthcare literature and 
interviews with two educators about other factors influencing patient outcomes but not 
included in this research model. These factors included five categories: hospital 
information, patient demographics, severity of the condition, time-related factors and 
insurance/payment. The first control measure used in this study was based on the 
interviews which revealed that each hospital has unique characteristics which may 
influence learning outcome. The next 8 patient demographic measures included the 
questions frequently asked in healthcare surveys to identify patient characteristics. To 
these eight questions, the question “who prepares the meals in your household” was 
added. This question evolved during our interviews with a patient who indicated that the 
task of meal planning was very easy for him, unlike for other patients with diabetes, 
because his wife did that for him. Two severity of condition questions were asked 
because patients with more serious problems may have a higher motivation to manage 
their health conditions. These questions were decided based on interviews with the 
educators. Three time-related control measures were used in this study because patients 
who have longer diabetes-related experiences are more likely to achieve a higher level of 
learning outcomes. Finally, two insurance and payment related questions were used to 
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determine if patients who pay their educational costs are more likely to take these 
programs seriously. These control measures provided a range of 2 to 5 choices. 
Since this survey was relatively long and involved collecting medical and 
personal information, respondents may have hesitated to complete it; thus, the cover letter 
and instructions were particularly important. In this letter, we clarified the benefits of our 
research for the patients and the community as well as developed trust by acknowledging 
the involvement of hospitals and Clemson University in this study. In addition, 
instructions beginning each section provided clear information to the respondents about 
its content.   
After the survey was constructed, it was pilot tested three times to ensure validity 
and reliability. For first pilot study (see Pilot Survey 1 in Appendix D), we distributed the 
survey to the 27 diabetic patients of the Abbeville Area Medical Center (AAMC) because 
it is located in close proximity to other hospitals, serving populations with similar 
characteristics. SPSS version 19 was used for two types of analysis, descriptive statistics 
and bivariate correlations. After this pilot, the revisions for the objective measures of 
patient ability and control measure were minor wording issues. However, this initial 
survey analysis showed the perceptual items had three major problems: ceiling effect, 
discriminant validity and missing data. To address these problems, the following changes 
were made. To reduce the ceiling effect, we added adverbs making items more extreme. 
To reduce the missing data, the perceptual item section was sub-divided into 2 
subsections, each guided by clear instructions. In addition, we used common question 
stems to reduce repetition and the time needed to complete the survey. To improve 
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discriminant validity, several items were reverse-coded, and several others were written 
in bold and italic font to emphasize differences among them; in addition, instead of a 5-
point Likert scale, a 7-point one was used to increase the variability in the responses. In 
addition, similar items were eliminated or revised.   
For the second pilot study, 120 surveys were collected from patients throughout 
the U.S. through zoomerang.com. In addition to the descriptive statistics and bivariate 
correlations analysis, we conducted an exploratory factor analysis to better identify 
possible construct validity problems. The second pilot revealed minor discriminant 
validity problems in perceptual items. As a result, minor revisions to the wording of the 
items were made. No significant revisions were made to the objective and control 
measures. 
For the third pilot, 110 surveys were collected from patients throughout the US 
using zoomerang.com. Again using SPSS version 19, the same set of analyses, 
descriptive statistics, bivariate correlations and exploratory factor analysis, were 
conducted. However, this time no changes in the questions were needed as the results 
were satisfactory. Only very minor changes in the design of the survey were done (see 
Final Survey in Appendix E). Table 2.4 shows the constructs used to test the model 
proposed here, their final definitions, the final set of items and questions, and their 




Table 2.4: Final operational definitions and final set of items used in essay 1 
 
PERCEPTUAL ITEMS 
Task difficulty: The difficulty of learning how to perform the [health task]. 
Code Items Source 
TD-B-1 It was hard to learn how to track my blood-glucose levels. 




TD-B-2 It was difficult to learn how to measure my blood-glucose level.   
TD-B-3 It was tough to learn how to use my glucose meter. 
TD-M-1 It was hard to learn how to plan what to eat during the day.   
TD-M-2 It was difficult to learn how to plan what carbohydrates to eat.  
TD-M-3 It was tough to learn how to plan my meals.   
 
Use of reading materials: Reading of written materials to learn how to perform the [health task]. 
RM-B-1 
I usually learned how to track my blood-glucose levels by reading printed 
materials.  
Van de Ven 
and Ferry 
(1980) and 




I frequently learned how to measure my blood-glucose level by reading 
printed materials. 
RM-B-3 
I often learned how to use my blood-glucose meter by reading printed 
materials. 
RM-M-1 
I usually learned how to how to plan what to eat during the day by 
reading printed materials. 
RM-M-2 
I frequently learned how to plan what carbohydrates to eat by reading 
printed materials. 
RM-M-3 I often learned how to plan my meals by reading printed materials. 
 
Effectiveness of reading materials: Patient’s opinion about how helpful reading was in learning the 
[task]. 
RME-B-1 
Reading printed materials was helpful in teaching me how to track my 
blood-glucose levels. 
Van de Ven 
and Ferry 
(1980) and 




Reading printed materials was helpful in teaching me how to measure my 
blood-glucose level. 
RME-B-3 
Reading printed materials was helpful in teaching me how to use my 
glucose meter. 
RME-M-1 
Reading printed materials was helpful in teaching me how to plan what 
to eat during the day. 
RME-M-2 
Reading printed materials was helpful in teaching me how to plan what 
carbohydrates to eat. 
RME-M-3 





Use of personal meetings: Having conversations with health professionals to learn how to perform the 
[health task]. 
PM-B-1 
I usually learned how to track my blood-glucose levels in personal 
meetings. 
Van de Ven 
and Ferry 
(1980) and 




I frequently learned how to measure my blood-glucose level in personal 
meetings. 
PM-B-3 I often learned how to use my blood-glucose meter in personal meetings. 
PM-M-1 
I usually learned how to plan what to eat during the day in personal 
meetings. 
PM-M-2 
I frequently learned how to plan what carbohydrates to eat in personal 
meetings. 
PM-M-3 I often learned how to plan my meals in personal meetings. 
 
Effectiveness of personal meetings: Patient’s opinion about how helpful having personal meetings with 
diabetes educators was in learning the [task]. 
PME-B-1 
Personal meetings were helpful in teaching me how to track my blood-
glucose levels. 
Van de Ven 
and Ferry 
(1980) and 




Personal meetings were helpful in teaching me how to measure my 
blood-glucose level. 
PME-B-3 
Personal meetings were helpful in teaching me how to use my glucose 
meter. 
PME-M-1 
Personal meetings were helpful in teaching me how to plan what to eat 
during the day. 
PME-M-2 
Personal meetings were helpful in teaching me how to plan what 
carbohydrates to eat. 
PME-M-3 Personal meetings were helpful in teaching me how to plan my meals. 
 
Use of group classes: Participating in patient group meetings to learn how to perform the [health task]. 
GC-B-1 I usually learned how to track my blood-glucose levels in group classes. 
Van de Ven 
and Ferry 
(1980) and 




I frequently learned how to measure my blood-glucose level in group 
classes. 
GC-B-3 I often learned how to use my blood-glucose level in group classes. 
GC-M-1 I usually learned how to plan what to eat during the day in group classes. 
GC-M-2 
I frequently learned how to plan what carbohydrates to eat in group 
classes. 




Effectiveness of group classes: Patient’s opinion about how helpful participating in group meetings 
with educators and other patients was in learning the [task]. 
GCE-B-1 
Group classes were helpful in teaching me how to track my blood-
glucose levels. 
Van de Ven 
and Ferry 
(1980) and 




Group classes were helpful in teaching me how to measure my blood-
glucose level. 
GCE-B-3 Group classes were helpful in teaching me how to use my glucose meter. 
GCE-M-1 
Group classes were helpful in teaching me how to plan what to eat during 
the day. 
GCE-M-2 
Group classes were helpful in teaching me how to plan what 
carbohydrates to eat. 
GCE-M-3 Group classes were helpful in teaching me how to plan my meals. 
 
Patient CTE satisfaction: Patient's general feelings about the training and education method used in the 
program. 
PS-B-1 
The education I received met my expectations in learning how to 






I felt comfortable with the methods that taught me how to measure my 
blood-glucose level. 
PS-B-3 
I was satisfied with the methods that taught me how to measure my 
blood-glucose level. 
PS-M-1 
The education I received met my expectations in learning how to plan my 
meals. 
PS-M-2 I felt comfortable with the methods that taught me how to plan my meals. 
PS-M-3 I was satisfied with the methods that taught me how to plan my meals. 
 
Patient knowledge: Patient's knowledge and skills about the health tasks. 
PK-B-1 
Compared to before I had diabetes education, I now… 
…better understand how to track my blood-glucose levels. 
Meuter et al. 





PK-B-2 …better understand how to measure my blood-glucose level. 
PK-B-3 …better understand how to use my glucose meter. 
PK-M-1 …better understand how to plan what to eat during the day. 
PK-M-2 …better understand how to plan what carbohydrates to eat. 
PK-M-3 …better understand how to plan my meals. 




Patient effective behavior: Patient’s improved effective task performance. 
PB-B-1 
Compared to before I had diabetes education, I now… 
…track my blood-glucose levels exactly as my health providers 
recommend. 
Meuter et al. 






…measure my blood-glucose level exactly as my health providers 
recommend. 
PB-B-3 …use my glucose meter exactly as my health providers recommend. 
PB-M-1 
…plan what to eat during the day exactly as my health providers 
recommend. 
PB-M-2 
…plan what carbohydrates to eat exactly as my health providers 
recommend. 
PB-M-3 …plan my meals exactly as my health providers recommend. 
 
Health expenses: Patient’s number of visits to hospitals and other health costs. 
O-4 
Compared to before I had diabetes education, I now… 
…have fewer doctor expenses.  
 
O-5 …have fewer hospital expenses. 
O-6 …have fewer emergency room expenses. 
O-8 ...have fewer hospital visits. 
O-9 ...have fewer doctor visits. 
O-10 ...have fewer emergency room visits. 
 
Health condition: Patient's current state of health. 
O-1 
Compared to before I had diabetes education, I now… 
…have more energy. 
 O-2 …feel better. 
O-3 …have a better blood glucose level. 




OBJECTIVE MESURES OF CUSTOMER ABILITY 
PKOM-1 
Please look at the Nutrition Facts found on a can of chili with beans on 
the right and answer the following questions. 
How many grams of total carbohydrate do you get if you eat one cup 
of chili with beans? 
Pfizer’s 
Newest Vital 
Sign  PKOM-2 
How many servings of chili and beans do you get when you eat the 
entire can?  
PKOM-3 How many grams of sugar do you get when you eat half of the can? 
PKOM-4 




The following five figures show plates with servings of carbohydrates 
(carbs), vegetables (veggies) and meat. Which one is recommended by 
your health educators? 
PKOB-1 
Which of the following would be the most ideal blood-glucose/sugar 
level, when you wake up? 
PKOB-2 Which of the following would be the most ideal A1C level? 
PKOB-3 
Which of the following body part would be the most ideal to get blood to 
measure your glucose/sugar level? 
PKOB-4 
Which of the following would be the most ideal blood-glucose/sugar 





D-5 When did you first attend a diabetes education class? 
D-6 When did you last attend a diabetes education class? 
C-1 When were you first diagnosed with diabetes? 
 
Insurance/payment 
C-2 What type of insurance do you use? (check all that apply) 
C-3 How much did you personally pay for all of your diabetes education? 
 
Patient demographics 
C-4 How old are you?  
C-5 What is your race? 
C-6 What is your sex? 
C-7 Are you married? 
C-8 How many people live in your household including yourself?  
C-9 Who prepares the meals in your household? 
C-13 What is your educational level? 
C-14 What is your household yearly income? 




Severity of the condition 
C-10 
Before your diabetes education, how frequently did your blood glucose 
level go above or below suggested limits? 
C-11 What is the highest blood glucose level you have ever had? 
C-12 
Have you ever gone to the emergency room or been hospitalized 
because of your diabetes? 
 
 
2.4.2.5. Survey data collection 
The fifth step was the survey implementation and data collection. The surveys 
mailed to patients included a return pre-paid envelope, one dollar and a hand-written 
thank-you note from the educator; the dollar was not included in the surveys mailed to 
the 1000 patients of GHS because of budgetary reasons. Table 2.5 presents information 


















































2000 664 129 (19%) 78 (60%) 72% 75% 65% 
AnMed 
Health (AH) 










400 400 58 (14%) 41 (71%) 69% 89% 78% 
Easley 
Baptist (EB) 





160 100 14 (14%) 9 (64%) 85% 92% 92% 





67% 83% 79% 
 
 
While the total number of patients served in these seven hospitals was 
approximately 6560 in 2009 and 2010, we sent the surveys to 3198 patients in March, 
April and May of 2011. The selection was based primarily on the availability of patient 
address information. To protect patient confidentiality, the educators did not share patient 
information with the researchers so they prepared the envelopes and sent the surveys to 
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their patients. The time required for the educators was also a factor in the decision not to 
send surveys to all surveys to all the patients of a particular hospital. For example, the 
educators at GHS, which served approximately 2000 patients in 2009 and 2010 and has 
information for approximately 1600 patients, were willing to send only 1000 surveys. 
A total of 518 surveys were collected, making the overall response rate 16 
percent. While the response rates were approximately 15 percent for OMC and CMH and 
20 percent for SRHS, AH, LMC and EB, it was 9 percent for the GHS patients. The low 
response rate from GHS is probably a result of not including the dollar. Since this 
significant response rate difference between GHS and the other hospitals may reflect a 
significant level of motivation difference between the respondents from GHS and the 
other hospitals, its 87 patients were not included in the further analysis of the data. 
Without the GHS data, the sample size for this study is 431 and the overall response rate 
20 percent. Since an adequate number of surveys were collected, no reminder was sent to 
the respondents. As Table 2.5 shows, 67 percent of the respondents are female, 83 
percent white and 79 percent older than 45 years old. The gender, race and age statistics 
are approximately 8, 9 and 3 percent above the parameters of the population provided by 
the educators, respectively. Since educators provided estimates of the population 
parameters, the sample characteristics appear consistent with the population 
characteristics.   
To check for later response bias, one-way ANOVA was conducted to compare the 
means of perceptual items, objective measures and continuous control measures for the 
early and late respondents. Among the 70 perceptual items, 5 items were found here 
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significantly different means: GCE-B1 an item of effectiveness of group classes for blood 
glucose level (F-value: 4.079; p-value: 0.044), PB-B1 and PB-B2 two items of patient 
effective behavior for blood glucose level (F-value: 3.906; p-value: 0.049; and F-value: 
5.510; p-value:0.019); and GCE-M1 and GCE-M2 two items of effectiveness of group 
classes for meal planning (F-value: 8.423; p-value: 0.004; and F-value: 4.227; p-
value:0.040). In addition, among the 9 objective questions, only item PKOM-3 measuring 
patient knowledge on meal planning (F-value: 4.706; p-value: 0.031) was significantly 
different between the early and late respondents. For the 17 control measures, 9 of which 
are continuous, none of their means were significantly different. As a result, among 96 
questions, only 6 have significantly different means, perhaps indicating little late 
response bias. 
To further investigate these remaining 431 cases, we entered the data twice and 
then compared them to find data entry error. For the each case, among 135 items an 
approximately 2 percent data entry error was found and corrected. We then selected the 
cases to be used for further analysis. If a case answered more than half of the items in all 
of the constructs, then it was included in the database. We found that 324 met this 
criterion. Although this data screening may be considered conservative, it allowed us to 
impute missing data more accurately, resulting in a relatively large data set. 
The percent of missing data for each item is provided in Table A.2.3 (see 
Appendix F). As this table shows the missing data were not a problem because the 
percent of missing data was very low, approximately 0.5 percent.  
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We imputed missing data through the Expectation-Maximization (EM) imputation 
method using EQS version 6.1. This method was preferred over mean imputation because 
it considers the relationship among variables, generating data through an iterative 
procedure using other variables to impute a value, then checking whether it is the most 
likely value. We imputed only perceptual items because at least 3 items were used to 
measure a construct. However, since for objective measures and control measures, we 
measured each construct with 1 item, we did not impute those measures.  
After imputation, the univariate normality of all the items and questions was 
analyzed using SPSS version 19. We investigated the univariate normality by checking 
the minimum, maximum, mean, median, mode and standard deviation, skewness and 
kurtosis. First, we analyzed the statistics of the perceptual items as seen in Table A.2.4 
(see Appendix G). These statistics revealed the following issues. The minimum and 
maximum values showed that 66 items exhibit values ranging from 1 to 7, while 4 items 
had a maximum value over 7 and 2 items had a value below 1 because of Expectation-
Maximization (EM) imputation. Other than the task difficulty factor for measuring blood 
glucose level, the means, medians and modes shifted slightly above the midpoint 3.5.  
The standard deviation, skewness and kurtosis values gave further insight about 
the univariate normality problem. No factor exhibited significantly problematic kurtosis 
and skewness because these values were between -3 and 3, and the standard deviation 
values below 1.5. Using SPSS version 19, we tested the normality of each perceptual 
item using Kolmogorov-Smirnov and Shapiro-Wilk normality tests, finding that none of 
the items were normally distributed.  
 
56 
Table A.2.5 (see Appendix G) shows the descriptive statistics for the objective 
measure of customer ability. We measured customer ability through two different types 
of questions: customers’ subjective opinions and perceptions about their own knowledge 
on how to plan meals and measure blood glucose levels as well as through multiple 
choice questions measuring their knowledge about these two tasks.  
We created overall scores for each respondent on meal planning and measuring 
blood-glucose, coded as PKOM and PKOB, respectively. Each question involved 5 
options, and for each correct answer the respondent received a certain number of points 
dependent on the difficulty: difficult questions (PKOM-4 and PKOB-2) are 4 points, less 
difficult questions (PKOM-5, PKOB-1 and PKOB-4) 2 points and easy questions 
(PKOM-1, PKOM-2, PKOM-3 and PKOB-2) 1 point. The highest possible score was 9, 
the lowest 0. Leaving the question blank or marking the wrong choice was recorded as a 
0 for that particular question. Then, we summed the points to calculate the overall score 
for each task. As the table shows, the difficult questions have lower means, equivalent to 
the lower percentage of correct answers. Similar to the perceptual items, we also checked 
the normality of the overall scores, PKOM and PKOB, finding the objective measure of 
ability was non-normal based on the results from the Kolmogorov-Smirnov and Shapiro-
Wilk normality tests. Because of the difficulty of filling out this section, the percent 
missing data was approximately 8.5 percent, much higher than the missing data for the 
perceptual items.  
Similarly, we checked the descriptive statistics for the 17 control measures. Table 
A.2.6 (see Appendix G) shows the descriptive statistics for the 9 continuous and ordinal 
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control measures. These continuous control measures showed that on average patients 
with diabetes were approximately 55 years old, usually had not completed higher 
education and had incomes below $100,000 per year. Their blood-glucose levels were 
above 200, with 120 considered the threshold for a patient to be considered as diabetic. 
Most of them were diagnosed approximately two years ago, received their first diabetic 
education about one year ago and their last this year. Usually, these patients did not pay 
for their education, or if they did, they paid less than $100.  
We investigated the nominal and categorical variables, determining their 
frequencies and the percentages of each nominal and categorical variable as seen in Table 
A.2.7 (see Appendix G). As this table shows, most patients were white, female, married, 
prepared their food, retired and had Medicare insurance.  
In addition to univariate normality, we checked multivariate normality to see the 
different patterns used by the respondents in completing the survey. We checked the 
multivariate normality of the perceptual items and the objective measure of patient 
ability. We again used SPSS version 19 to calculate the Mahalanobis Distance values. 
Figure 2.4 illustrates these values for the 324 cases. We did not include the control 
measures in this analysis because SPSS applies listwise deletion and does not provide 
Mahalanobis Distance value for cases with missing data. The left portion of the figure 
shows that some of the 324 case exhibited high Mahalanobis Distance values which can 
be potentially problematic so they had to be deleted. We deleted the cases with 
Mahalanobis Distance values above 168. We made this decision based on the 21-point 
Mahalanobis Distance value difference between cases EB007 (189) and SR034 (168) 
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after all the cases were ranked according to their Mahalanobis Distance values. This drop 
is significant since for the rest of the cases after SR034, the Mahalanobis Distance value 
difference between two consecutive cases was less than 4.  Thus, our final data set was 
composed of 321 cases. 
 






2.4.2.6. Confirmatory analysis 
After we finalized the dataset, we investigated the validity and reliability of the 
factors and items using three statistical analyses. Initially, we investigated the bivariate 
correlations among all perceptual items, followed by a confirmatory factor analysis 
(CFA) of perceptual items. Finally, we investigated the relationship among the objective 
measures and perceptual items of patient ability based on item correlations. 
Using SPSS version 19, bivariate correlations among the 70 perceptual items were 
calculated to gain preliminary insight concerning discriminant and convergent validity. 
To determine convergent validity, we investigated whether items measuring factors 
exhibited high correlations with one another. To determine the discriminant validity, we 
investigated whether items within a factor were more highly correlated with one another 
than with items reflecting another factor. 
The bivariate correlations among the 70 items can be found in five tables: (1) all 
items for the task of measuring blood glucose level (see Table 2.8 in Appendix H), (2) all 
items for the task of meal planning, (see Table 2.9 in Appendix H), (3) all items used for 
testing Hypothesis 1 related to the extent use of CTE methods (see Table 2.10 in 
Appendix H), (4) all items used for testing Hypothesis 2 concerning the perceived 
effectiveness of CTE methods (see Table 2.11 in Appendix H), and (5) all items of the 
CTE outcomes (see Table 2.12 in Appendix H). Multiple tables are provided rather in one 
table of 70 items reflecting 22 factors for ease of analysis.  
To support convergent validity, the item correlations in the darker cells in these 
tables should be high, approximately 0.70, because these reflect the same factor. To show 
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discriminant validity, the darker cells showed have higher correlations than the ones on 
their left and below them because they represent the relationship among items in the same 
construct while white cells represent the relationships among items reflecting different 
constructs. 
Table A.2.6 includes all 40 items for the task of measuring blood glucose level, 
and Table A.2.7 includes all 40 items for the task of meal planning. These two tables 
show that convergent validity is not an issue since all the items reflecting the same 
factors seen in the darker cells have correlations of approximately 0.70 and above. In 
addition, discriminant validity is not an issue because the correlations in the darker cells 
are higher than the ones on their left and below them. These tables also show that the 
items used in the CTE methods and the effectiveness of CTE methods are correlated with 
one another, but their correlations are not as high as items reflecting same factor. These 
correlations, which approximately 0.5, are shown by lightly shaded cells at the left of the 
center. Similarly, CTE outcome items have moderate level correlations with one another. 
These moderate levels of correlations were expected because the use of CTE and its 
effectiveness are related factors, meaning patients are more likely choose to use the CTE 
method they think effective. In addition, because the outcome items are conceptually 
related, there should be a moderate level of correlation. For example, when patients know 
how to manage diabetes, they are more likely to exhibit effective behavior.  
Table A.2.8 shows the correlation among all 24 items of the 8 factors used for 
testing Hypothesis 1. These items reflect 2 factors of task difficulty, one for measuring 
blood glucose level and one for meal planning; in addition, they reflect the 3 factors of 
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the CTE methods used for teaching measuring blood glucose level and the 3 factors of 
CTE methods used for teaching meal planning. The table shows that the scale has 
convergent validity and discriminant validity. However, there is a moderate level of 
correlation among the items of the same factors of the different tasks. For example, the 
extent of use of reading material to learn how to measure blood glucose level is 
moderately correlated with the extent use of reading material to learn meal planning. 
However, this moderate correlation is at a lower level than the correlations among the 
items of same factor measuring the same task.  
Table A.2.9 shows the correlation among all 24 items of the 8 factors used for 
testing Hypothesis 2. However, compared to the extent use of CTE method items 
concerning the effectiveness of CTE methods for learning about measuring blood glucose 
level are highly correlated with the items related to the effectiveness of CTE methods for 
learning about meal planning. This shows that the discriminant validity is low for the 
same type of item concerning the effectiveness of the CTE method for learning about 
meal planning and measuring blood glucose level.  
Table A.2.10 shows the correlation among all 28 dependent variables. While 
Table A.2.6 and Table A.2.7 indicate a moderate level of correlation among dependent 
variables, these two tables investigate the correlation separately for two the tasks. Table 
A.2.10 investigates the correlation among all dependent variables to see whether the 
dependent variables for measuring blood glucose level are significantly different from the 
dependent variables for meal planning. This table indicates that the correlation among the 
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items of the same type of CTE outcomes for measuring blood glucose level and meal 
planning is high but that these correlations are not as high as the ones in the darker cells.  
As a result, these correlation tables revealed that within tasks there is a clear 
difference between factors. However, the discriminant validity of the same factor for two 
different tasks is low, meaning the two versions of a factor, one for measuring blood 
glucose and one for meal planning, are not clearly separated, particularly for the model of 
effectiveness of CTE method.  
The second statistical analysis, confirmatory factor analysis (CFA), is a more 
comprehensive method of testing convergent and divergent validity because it allows for 
investigating two additional validity and reliability issues uni-dimensionality and 
common method bias. Using EQS version 6.1, we investigated three groups of CFA 
models. The first group includes the factors and items used in the matching model for the 
extent use of CTE methods; the second involves the factors and items used in the 
matching model for the perceived effectiveness of CTE methods; while the third focuses 
on the factors and items used in moderation model for the use of CTE methods. Because 
the data are non-normal, we decided to use robust estimation in all these models. 
After we ran these models for uni-dimensionality, we checked the fit indices. For 
method bias, we used the Satorra-Bentler chi-square difference method. For discriminant 
validity, we checked whether the square root of AVE is larger than the factor 
correlations. And for convergent validity, we checked the item loadings.  
We first investigated a group of CFA models related to the matching model for 
the extent use of CTE methods. This group includes three CFA models: (1) matching 
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model for measuring blood glucose level, (2) matching model for meal planning, and (3) 
matching model for both measuring blood glucose level and meal planning.  
The first model includes the four factors: task difficulty of learning how to 
measure blood glucose level, the extent use of reading material for learning to how to 
measure blood glucose level, the extent use of personal meetings for learning how to 
measure blood glucose level, and the extent use of group classes for learning how to 
measure blood glucose level. In this CFA, one case was deleted because of high multi-
level kurtosis.  
After 5 iterations, the CFA converged and showed a relatively good fit, 
suggesting that these four factors can be considered uni-dimensional. The fit indices for 
the measurement model for measuring the blood glucose level task are given below: 
SRMR = .036 
CFI = .978 
RMSEA = .051 
90% confidence interval of RMSEA (.034, .067) 
Independence model chi-square = 2146.399 on 66 degrees of freedom 
Chi-square = 111.679 based on 48 degrees of freedom 
Robust independence model chi-square = 1861.718 on 66 degrees of freedom 
Satorra-Bentler scaled chi-square = 87.8641 on 48 degrees of freedoms 
 
Then, we tested whether there is a significant common method bias by running 
the same CFA model with a method factor included. After 27 iterations, however, this 
model did not converge because the error coefficient of one item of personal meeting 
(PMB2) was constrained at lower bound.  
Then, we investigated the convergent and discriminant validity issues seen in 
Table 2.6. As this table shows, convergent validity is not an issue because all the loadings 
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are above 0.70. We investigated discriminant validity by comparing the item square-root 
of AVE and the factor correlations. This table shows the item loadings; R-square, equal 
to the square of item loadings; AVE, the averages of R-squares; the square-root of AVE; 
and factor correlations. To support discriminant validity, the square-root of AVE given in 
the dark cells on the right diagonal of the table should be larger than the factor 
correlations given in white cells below these dark ones. As this table shows, there are no 
discriminant validity issues. 
 
Table 2.6: Convergent and discriminant validity of the matching model for the use of 
CTE (measuring blood glucose level) 
Note: Diagonal is the square root of AVE and the body of the table shows the factor correlations 
 Items Loadings R
2












































0.72 0.11 0.03 0.15 0.85 
 
 
The second model includes the four factors of the task difficulty of learning how 
to plan meals, the extent use of reading material for learning how to plan meals, the 
extent use of personal meetings for learning how to plan meals, and the extent use of 
group classes for learning how to plan meals. We conducted the same set of analysis, 
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with the same case being deleted because of because of high multi-level kurtosis. After 
again 5 iterations, the CFA showed excellent fit. The fit indices for the measurement 
model for the meal planning task are given below: 
SRMR = .022 
CFI = 1.00 
RMSEA = 0.000 
90% confidence interval of RMSEA (.000, .031) 
Independence model chi-square = 3492.626 on 66 degrees of freedom 
Chi-square = 48.961 based on 48 degrees of freedom 
Robust independence model chi-square = 3148.272 on 66 degrees of freedom 
Satorra-Bentler scaled chi-square = 43.6214 on 48 degrees of freedoms 
 
Then we tested whether there was a significant common method bias by running 
the same CFA model with a method factor included. After 16 iterations, the following fit 
indices were achieved:  
SRMR = .016 
CFI = 1.00 
RMSEA = 0.000 
90% confidence interval of RMSEA (.000, .020) 
Independence model chi-square = 3492.626 on 66 degrees of freedom 
Chi-square = 29.158 based on 36 degrees of freedom 
Robust independence model chi-square = 3148.272 on 66 degrees of freedom 
Satorra-Bentler scaled chi-square = 26.2425 on 36 degrees of freedoms 
 
Then, we tested the common method bias using the Satorra-Bentler chi-square 
difference method, the statistics of which are given below. As these results show, the 




 Satorra-Bentler chi square for the MORE constrained model= 44 
 Normal chi square for the MORE constrained model= 49 
 Degrees of freedom for the MORE constrained model= 48 
 Satorra-Bentler chi square for the LESS constrained model= 26 
 Normal chi square for the LESS constrained model= 29 
 Degrees of freedom for the LESS constrained model= 36 
OUTPUTS: 
 Satorra-Bentler Scaled Difference = 18.0442 df = 12 
 Chi Square probability = 0.114356 
 
Subsequently, we investigated convergent and discriminant validity issues shown 
in Table 2.7. As this table shows, convergent validity is not an issue because all the 
loadings are above 0.70. We investigated discriminant validity by comparing the item 
square-root of AVE and the factor correlations, the results indicating no discriminant 
validity issues.  
 
Table 2.7: Convergent and discriminant validity of the matching model for the use of 
CTE (meal planning) 
 
Note: Diagonal is the square root of AVE and the body of the table shows the factor correlations 
 Items R
2
















































The third model includes all the 8 factors used in the previous two, the same case 
being deleted because of high multi-level kurtosis. After 6 iterations, the CFA converged 
and showed adequate fit. The fit indices for the measurement model for the model 
including all the extent of use of CTE methods items are given below: 
SRMR = .034 
CFI = 0.986 
RMSEA = 0.033 
90% confidence interval of RMSEA (.023, .042) 
Independence model chi-square = 6497.445 on 276 degrees of freedom 
Chi-square = 377.860 based on 224 degrees of freedom 
Robust independence model chi-square = 5800.497 on 276 degrees of freedom 
Satorra-Bentler scaled chi-square = 302.2651 on 224 degrees of freedoms 
 
Next we tested for a significant common method bias by running the same CFA 
model with a method factor included. After 54 iterations, however, this model did not 
converge because the error coefficient of one item of personal meeting (PMB2) was 
constrained at the lower bound. However, since we found the matching model for meal 
planning does not exhibit common method bias, we assumed that this model also does 
not.  
Then we investigated the convergent and discriminant validity issues seen in 
Table 2.8. As this table shows, convergent validity is not an issue because all the loadings 
are above 0.70. We investigated discriminant validity by comparing the item square-root 
of AVE and the factor correlations. As this table shows, there are no discriminant validity 
issues. Consistent with the correlation analysis, the same factors of different tasks are 
moderately correlated with one another. However, these correlations are less than the 




Table 2.8: Convergent and discriminant validity of the matching model for the use of 
CTE (measuring blood glucose level and meal planning) 
 
Note: Diagonal is the square root of AVE and the body of the table shows the factor correlations 














































































































0.77 0.10 -0.01 0.22 0.83 -0.02 0.06 0.24 0.88 
 
 
We then investigated a group of CFA models related to the matching model for 
the effectiveness of CTE methods. This group of CFA models includes the matching 
model of measuring blood glucose level and the matching model of meal planning. We 
first ran the model of measuring blood glucose level using four factors: the task difficulty 
of learning how to measure blood glucose level, the effectiveness of reading material in 
learning how to measure blood glucose level, the effectiveness of personal meetings in 
learning how to measure blood glucose level and the effectiveness of group classes in 
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learning how to measure blood glucose level. One case was again deleted because of high 
multi-level kurtosis. After 5 iterations, the CFA showed a relatively good fit, suggesting 
that the factors can be considered uni-dimensional. The fit indices for the measurement 
model for measuring the blood glucose level task are given below: 
SRMR = .031 
CFI = .994 
RMSEA = .033 
90% confidence interval of RMSEA (.000, .052) 
Independence model chi-square = 3350.283 on 66 degrees of freedom 
Chi-square = 81.882 based on 48 degrees of freedom 
Robust independence model chi-square = 2716.116 on 66 degrees of freedom 
Satorra-Bentler scaled chi-square = 64.2614 on 48 degrees of freedoms 
 
Then we tested for significant common method bias by running the same CFA 
model with a method factor included. After 52 iterations, however, this model did not 
converge because the error coefficient of one item of task difficulty (TDB1) was 
constrained at the lower bound.  
Subsequently, we investigated the convergent and discriminant validity issues as 
shown in Table 2.9. As this table shows, convergent validity is not an issue because all 
the loadings are above 0.70. We investigated discriminant validity by comparing the item 
square-root of AVE and the factor correlations. As this table shows, there are no 




Table 2.9: Convergent and discriminant validity of the matching model for the 
effectiveness of CTE (measuring blood glucose level) 
 
Note: Diagonal is the square root of AVE and the body of the table shows the factor correlations 












































0.87 0.12 0.11 0.37 0.93 
 
 
Second, we ran the CFA model of meal planning using the four factors of task 
difficulty of learning meal planning, effectiveness of reading material for learning how to 
meal plan, effectiveness of personal meetings for learning how to meal plan, and 
effectiveness of group classes for learning how to meal plan. One case was deleted 
because of high multi-level kurtosis. After 5 iterations, the CFA showed a relatively good 
fit, suggesting that these factors can be considered uni-dimensional. The fit indices for 
the measurement model for meal planning are given below: 
SRMR = .031 
CFI = .984 
RMSEA = .058  
90% confidence interval of RMSEA (.041, .073) 
Independence model chi-square = 4074.179 on 66 degrees of freedom 
Chi-square = 133.542 based on 48 degrees of freedom 
Robust independence model chi-square = 3343.939 on 66 degrees of freedom 




Then we tested for significant common method bias by running the same CFA 
model with a method factor included. After 23 iterations, the following fit indices were 
achieved:  
SRMR = .020 
CFI = .992 
RMSEA = 0.048 
90% confidence interval of RMSEA (.026, .067) 
Independence model chi-square = 4074.179 on 66 degrees of freedom 
Chi-square = 78.495 based on 36 degrees of freedom 
Robust independence model chi-square = 3343.939 on 66 degrees of freedom 
Satorra-Bentler scaled chi-square = 61.9833 on 36 degrees of freedoms 
 
Next we tested the common method bias using the Satorra-Bentler chi-square 
difference method. Since this analysis showed a significant method factor, we decided to 
include a method factor in the structural model. The resulting statistics of Satorra-Bentler 
chi-square difference method are given below:  
 
INPUTS: 
 Satorra-Bentler chi square for the MORE constrained model= 99 
 Normal chi square for the MORE constrained model= 134 
 Degrees of freedom for the MORE constrained model= 48 
 Satorra-Bentler chi square for the LESS constrained model= 62 
 Normal chi square for the LESS constrained model= 78 
 Degrees of freedom for the LESS constrained model= 36 
 OUTPUTS: 
 Satorra-Bentler Scaled Difference = 34.1474 df = 12 
 Chi Square probability = 0.000639 
 
Then, we investigated the convergent and discriminant validity issues shown in 
Table 2.10. As this table shows, convergent validity is not an issue because all the 
loadings are above 0.70. We investigated discriminant validity by comparing the item 
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square-root of the AVE and factor correlations. This table indicate no discriminant 
validity issues.  
 
Table 2.10: Convergent and discriminant validity of the matching model for the 
effectiveness of CTE (meal planning) 
 
Note: Diagonal is the square root of AVE and the body of the table shows the factor correlations 












































0.88 -0.11 0.16 0.32 0.94 
 
 
In this last group of CFA models, we investigated the factors used in the 
moderation models. Basically, these models will allow us to investigate hypothesis 3 to 7. 
This group of CFA models includes two models: (1) moderation model of measuring 
blood glucose level and (2) moderation model of meal planning.  
We first ran the model of measuring blood glucose level, checking for uni-
dimensionality of the moderation model for the use of CTE method. After these 8 
iterations, the CFA showed a relatively good fit, suggesting that the factors can be 
considered uni-dimensional. For all the moderation models, we used mean-centered 
independent variables since we used mean-centered independent variables in the 
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structural models. The fit indices for the measurement model for measuring blood 
glucose level task are given below: 
SRMR = .055 
CFI = .922 
RMSEA = .059 
90% confidence interval of RMSEA (.053, .064) 
Independence model chi-square = 8440.439 on 465 degrees of freedom 
Chi-square = 1115.077 based on 398 degrees of freedom 
Robust independence model chi-square 6075.621 on 465 degrees of freedom 
Satorra-Bentler scaled chi-square = 835.6505 on 398 degrees of freedoms 
 
Even though the fit statistics are adequate, we investigated the cumulative 
multivariate statistics to determine whether this initial CFA model could be improved. 
The cumulative multivariate statistics showed that two error covariances, the one between 
O1 (…have more energy) and O2 (…feel better), and second one between O4 (…have 
fewer doctor expenses) and O9 (...have fewer doctor visits), improve the model fit. O1 
and O2 have a shared error variance because they measure the physical aspects of patient 
health, while the other two items of the factor measure more objective aspects of the 
patient health such as O3 (…have a better blood glucose level) and O7 (…have better 
A1C level). In addition, O4 and O9 have shared error variance because of the wording of 
these items is more similar than the other items in this factor: O4 asks about doctor 
expenses and O9 about doctor visits.  
We added the O4-O9 error covariance and the CFA model was run again. After 7 
iterations, the fit of the CFA model was improved, the CFI improving from 0.922 to 
0.943 and the RMSEA from 0.059 to 0.050.   
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SRMR = .056 
CFI = .943 
RMSEA = .050 
90% confidence interval of RMSEA (.044, .056) 
Independence model chi-square = 8440.439 on 465 degrees of freedom 
Chi-square = 959.689 based on 397 degrees of freedom 
Robust independence model chi-square = 6075.621 on 465 degrees of freedom 
Satorra-Bentler scaled chi-square = 715.6143 on 397 degrees of freedom 
 
Then we tested for significant common method bias by running the previous CFA 
model with a method factor included, comparing the fit indices using the Satorra-Bentler 
chi-square difference method. In this model we retained the O4-O9 error covariance. 
After 20 iterations, the following fit indices for the CFA model with method factor were 
achieved, the results showing an improvement in CFI and RMSEA from 0.943 to 0.968 
and from 0.050 to 0.039, respectively:  
SRMR = .036 
CFI = .968 
RMSEA = .039 
90% confidence interval of RMSEA (.032, .046) 
Independence model chi-square = 8440.439 on 465 degrees of freedom 
Chi-square = 719.531 based on 366 degrees of freedom 
Robust independence model chi-square = 6075.621 on 465 degrees of freedom 
Satorra-Bentler scaled chi-square = 548.2016 on 366 degrees of freedom 
 
Next we tested for common method bias using the Satorra-Bentler chi-square 
difference method. The resulting statistics given below show a significant method factor, 




Satorra-Bentler chi square for the MORE constrained model= 716 
Normal chi square for the MORE constrained model= 960 
Degrees of freedom for the MORE constrained model= 397 
Satorra-Bentler chi square for the LESS constrained model= 548 
Normal chi square for the LESS constrained model= 720 
Degrees of freedom for the LESS constrained model= 366 
 
 OUTPUTS: 
Satorra-Bentler Scaled Difference = 144.7060  df = 31 
Chi Square probability = 0.000000 
 
Table 2.11 illustrates the discriminant and convergent validity issues of the CFA 




Table 2.11: Convergent and discriminant validity of the moderation model for the use of 
CTE (measuring blood glucose level) 
 
Note: Diagonal is the square root of AVE and the body of the table shows the factor correlations 











































































































































0.71 0.07 0.14 0.05 0.15 0.28 0.51 0.42 0.52 0.84 
+ error covariance between items  
 
 
Subsequently, we conducted the same set of analyses for the meal planning 
factors, first checking for the uni-dimensionality of the moderation model for the use of 
CTE method. After 9 iterations, the CFA showed a relatively good fit, suggesting that the 
factors can be considered uni-dimensional. The fit indices for the measurement model for 
the task of measuring blood glucose level are given below: 
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SRMR = .052 
CFI = .938 
RMSEA = .060 
90% confidence interval of RMSEA (.054, .065) 
Independence model chi-square = 10473.839 on 465 degrees of freedom 
Chi-square = 1122.572 based on 398 degrees of freedom 
Robust independence model chi-square = 7803.372 on 465 degrees of freedom 
Satorra-Bentler scaled chi-square = 854.0979 on 398 degrees of freedoms 
 
Even though the fit statistics are adequate, we investigated the cumulative 
multivariate statistics to determine whether this initial CFA model could be improved. 
The cumulative multivariate statistics show that the same two error covariances, one 
between O1 (…have more energy) and O2 (…feel better), and the second between O4 
(…have fewer doctor expenses) and O9 (...have fewer doctor visits), can improve the 
model fit. We added the O4-O9 error covariance, and the CFA model was run again. 
After 9 iterations, the fit of the CFA model was improved, the CFI improving from 0.938 
to 0.954 and the RMSEA from 0.060 to 0.052.   
SRMR = .054 
CFI = .954 
RMSEA = .052 
90% confidence interval of RMSEA (.046, .057) 
Independence model chi-square = 10473.839 on 465 degrees of freedom 
Chi-square = 967.605 based on 397 degrees of freedom 
Robust independence model chi-square = 7803.372 on 465 degrees of freedom 
Satorra-Bentler scaled chi-square = 736.9858 on 397 degrees of freedom 
 
Then we tested for significant common method bias by running the previous CFA 
model with a method factor included and compared the fit indices using the Satorra-
Bentler chi-square difference method. In this model we kept the O4-O9 error covariance. 
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After 13 iterations, however, this model did not converge because the error coefficient of 
one item of service performance (O-1) was constrained at the lower bound. 
Table 2.12 illustrates the discriminant and convergent validity issues of the CFA 
model with the error covariance. As this table shows, there are no discriminant validity 
issues.  
 
Table 2.12: Convergent and discriminant validity of the moderation model for the use of 
CTE (meal planning) 
 
Note: Diagonal is the square root of AVE and the body of the table shows the factor correlations 













































































































































0.83 -0.07 0.12 0.11 0.17 0.27 0.48 0.48 0.54 0.91 




After we completed the CFA, we investigated the relationship between the 
objective measures and the perceptual items of patient ability in the last phase of our 
confirmatory analysis, because we used both measures of patient ability in the structural 
model and because we expect to see significant correlations among them. We explored 
the item correlation for the perceptual items and objective measure the results being 
reported in Table 2.13. These item correlations showed that the perceptual items are 
correlated to each other while objective measures are correlated to each other. However, 
the perceptual items are not correlated to the objective measures, implying that structural 
models of the objective and perceptual measures may lead to different findings.  
 
Table 2.13: Item and factor correlations of patient ability  
 PKB1 PKB2 PKB3 PKOB PKM1 PKM2 PKM3 PKOM 
PKB1 1        
PKB2 .699 1       
PKB3 .778 .700 1      
PKOB .121 .100 .062 1     
PKM1 .666 .470 .597 .088 1    
PKM2 .541 .533 .489 .056 .705 1   
PKM3 .586 .591 .530 .168 .789 .741 1  
PKOM .085 .068 .041 .307 .013 .030 .026 1 
 
 
Because the percent missing data of these objective measures were approximately 
9 percent, the validity of the findings based on them is questionable. Perhaps, for 
example, some patients left the question blank even though they know the answer, 
receiving a 0 for it. While we consider that the objective items have some merit, the 
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perceptual items of patient ability exhibit better validity and reliability so we did not use 
the objective measure of patient knowledge in this study.  
2.5. Analysis 
Our analysis involve two aspects: we checked the impact of control measures on 
our two dependent variables and we ran structural equation models to test the hypotheses.  
 
2.5.1. Control factors 
We searched for the effective control measures for predicting performance, 
incorporating them into the structural model. Since in structural equation modeling, a 
case with missing data is omitted and since we did not impute data for the control 
measures, many cases would be skipped if all the control variables were included in the 
structural model. Thus, we searched for the most effective control measures. 
We conducted regression analysis to determine the impact of continuous control 
measures on patient health condition and expense. We found that the more time passed 
after the education, the patient health condition gets worsen.  Education, income, blood 
glucose level and first diagnosis significantly predict health expenses. More educated 
patients and patients with higher income had more health expenses. Patients once had a 
high level of blood glucose level had less health expenses. In addition, the longer the time 
since the first diagnosis, patient expenses decrease. 
After we checked the impact of continuous control measures, we checked the 
impact of categorical variables on the same two performance measures through 
comparing the mean using one-way ANOVA. We found that patients who prepare meals 
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in their household have better health condition. In addition, minorities and patients who 
hospitalized because of diabetes have higher health expenses. As a result among the 17 
control measures, 9 of them are significant.  
However, among these 9, we used only 5 control factors in our structural models: 
education, food preparation, highest blood glucose level, time passed since the diagnosis, 
and time passed since the final education. We did not use the factors because some are 
highly related to each other and others are highly skewed dichotomous factors. In 
addition, more factors reduce parsimony while increasing the number of skipped cases in 
the analysis. While education and income are highly correlated, we chose education 
instead of income since many patients did not answer the income question.  Level of 
blood glucose level and emergency visit questions are related; however, we chose the 
blood glucose level question since the emergency visit question requires a dichotomous 
answer and most people did not visit the emergence room, meaning the data is highly 
skewed. We chose the time passed since the final education instead of the time passed 
since the first education. These two measures are highly correlated, while patients are 
more likely to provide accurate answer for the former. Race was not added since this 
factor is highly skewed with more than 80 percent being white, and the remaining 
distributed among blacks, hispanics and others.  
 
2.5.2. Hypotheses tests 
After we determined the control measures, we used structural equation modeling 
(SEM) to test the hypotheses. We first tested the two matching model hypotheses. The 
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first hypothesis suggests that as the difficulty of a task increases, customers will use 
group classes (GC) more extensively than both reading materials (RM) and personal 
meetings (PM), and will use PM more extensively than RM. The second hypothesis 
suggests that as the task difficulty increases, customer will consider GC more effective 
than both RM and PM, and will consider PM more effective than RM. 
To test these hypotheses, we compared the regression slopes of the model seen in 
Figure 2.5. We first ran the unconstraint model, then the constraint model for which two 
of the three slopes were identical, and finally we compared the fit indices of these two 
models using Satorra-Bentler chi-square difference. If the chi-square difference is 
significant, then these two paths are significantly different from each other.  
 







The first group of models, which measured blood glucose level, included factors 
concerning the extent use of CTE methods. This model gave the path coefficients below: 
    F2   =F2  =    .075*F1    + 1.000 D2   
                          .108                
                          .697                
                      (   .109)                                                         
                      (   .691)                                                         
 
    F3   =F3  =    .192*F1    + 1.000 D3   
                          .110                
                        1.748                
                      (   .101)                                                         
                     (  1.890)                                                         
 
    F4   =F4  =    .197*F1    + 1.000 D4   
                          .115                
                        1.705                
                      (   .119)                                                         
                     (  1.650)                   
 
In addition, its fit indices to be used in the Satorra-Bentler scaled chi-square test are 
below: 
SRMR = .048 
CFI = .977 
RMSEA = .050 
90% confidence interval of RMSEA (.033, .066) 
Independence model chi-square = 2146.399 on 66 degrees of freedom 
Chi-square = 116.722 based on 51 degrees of freedom 
Robust independence model chi-square = 1861.718 on 66 degrees of freedom 
Satorra-Bentler scaled chi-square = 92.0043 on 51 degrees of freedom 
 
While the path coefficients show that the slope of GC is steeper than the slope of 
PM and the slope PM is steeper than RM, in order to make the statistical comparison we 
ran the same SEM model which two of the paths are set equal. First we constrained the 
TD-RM = TD-PM path which gave the below path coefficients: 
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    F2   =F2  =    .133*F1    + 1.000 D2   
                          .077                
                        1.730                
                      (   .076)                                                         
                     (  1.749)                                                         
 
    F3   =F3  =    .133*F1    + 1.000 D3   
                          .077                
                        1.730                
                      (   .076)                                                         
                     (  1.749)                                                         
 
    F4   =F4  =    .196*F1    + 1.000 D4   
                          .115                
                        1.701                
                      (   .119)                                                         
                     (  1.646)                   
 
The above constrained model provided the following fit indices to be used in the Satorra-
Bentler scaled chi-square test. 
Chi-square = 117.291 based on 52 degrees of freedom 
Satorra-Bentler scaled chi-square = 93.1869 on 52 degrees of freedom 
 




    F2   =F2  =    .132*F1    + 1.000 D2   
                          .079                
                        1.679                
                      (   .088)                                                         
                     (  1.507)                                                         
 
    F3   =F3  =    .191*F1    + 1.000 D3   
                          .110                
                        1.743                
                      (   .101)                                                         
                     (  1.885)                                                         
 
    F4   =F4  =    .132*F1    + 1.000 D4   
                          .079                
                        1.679                
                      (   .088)                                                         
                     (  1.507)                 
 
The above constrained model provided the following fit indices to be used in the Satorra-
Bentler scaled chi-square test. 
Chi-square = 117.310 based on 52 degrees of freedom 
Satorra-Bentler scaled chi-square = 93.2681 on 52 degrees of freedom 
 




   F2   =F2  =    .075*F1    + 1.000 D2   
                         .108                
                         .696                
                     (   .109)                                                         
                     (   .691)                                                         
 
    F3   =F3  =    .194*F1    + 1.000 D3   
                          .080                
                        2.436@               
                      (   .091)                                                         
                    (  2.139@                                                         
 
    F4   =F4  =    .194*F1    + 1.000 D4   
                          .080                
                       2.436@               
                     (   .091)                                                         
                    (  2.139@                  
 
The above constrained model provided the following fit indices to be used in the Satorra-
Bentler scaled chi-square test. 
Chi-square = 116.723 based on 52 degrees of freedom 
Satorra-Bentler scaled chi-square = 92.9134 on 52 degrees of freedom 
 
Using the Satora-Bentler chi-square different test we determined which paths are 
different, finding that no path is significantly different from one another. Thus, for the 
task of measuring blood glucose level, Hypothesis 1 is not supported.   
The second group of models, which measured one for meal planning, included 
factors for the extent of use of CTE methods. We ran the same SEM models with task 




  F2   =F2  =   -.086*F1    + 1.000 D2   
                          .102                
                         -.843                
                      (   .108)                                                         
                      (  -.798)                                                         
 
    F3   =F3  =   -.171*F1    + 1.000 D3   
                          .109                
                       -1.563                
                      (   .115)                                                         
                    ( -1.488)                                                         
 
    F4   =F4  =   -.046*F1    + 1.000 D4   
                          .114                
                        -.401                
                     (   .119)                                                         
                     (  -.382)               
 
In addition, its fit indices to be used in the Satorra-Bentler scaled chi-square test are 
below: 
SRMR = .078 
CFI = .977 
RMSEA = .025 
90% confidence interval of RMSEA (.000, .046) 
Independence model chi-square = 3492.626 on 66 degrees of freedom 
Chi-square = 68.860 based on 51 degrees of freedom 
Robust independence model chi-square = 3148.272 on 66 degrees of freedom 
Satorra-Bentler scaled chi-square = 61.4036 on 51 degrees of freedom 
 
To compare the paths, we ran three SEM models with different paths. First, we 
constrained the TD-RM = TD-PM path, which gave path coefficients below: 
 
88 
    F2   =F2  =   -.125*F1    + 1.000 D2   
                          .075                
                       -1.681                
                      (   .081)                                                         
                     ( -1.540)                                                         
 
    F3   =F3  =   -.125*F1    + 1.000 D3   
                          .075                
                      -1.681                
                     (   .081)                                                         
                   ( -1.540)                                                         
 
    F4   =F4  =   -.045*F1    + 1.000 D4   
                          .114                
                         -.398                
                      (   .119)                                                         
                      (  -.380)                                                         
 
In addition, the fit indices to be used in the Satorra-Bentler scaled chi-square test for this 
model are: 
Chi-square = 69.187 based on 52 degrees of freedom 
Satorra-Bentler scaled chi-square = 61.7823 on 52 degrees of freedom 
 




    F2   =F2  =   -.086*F1    + 1.000 D2   
                          .102                
                         -.843                
                      (   .108)                                                         
                     (  -.798)                                                         
 
    F3   =F3  =   -.171*F1    + 1.000 D3   
                          .109                
                       -1.563                
                      (   .115)                                                         
                     ( -1.488)                                                         
 
    F4   =F4  =   -.046*F1    + 1.000 D4   
                           .114                
                         -.401                
                      (   .119)                                                         
                      (  -.382)                   
 
In addition, the fit indices to be used in the Satorra-Bentler scaled chi-square test for this 
model are: 
Chi-square = 68.860 based on 51 degrees of freedom 
Satorra-Bentler scaled chi-square = 61.4036 on 51 degrees of freedom 
 




 F2   =F2  =   -.086*F1    + 1.000 D2   
                        .102                
                      -.842                
                   (   .108)                                                         
                   (  -.797)                                                         
 
    F3   =F3  =   -.111*F1    + 1.000 D3   
                           .079                
                       -1.405                
                      (   .095)                                                         
                    ( -1.164)                                                         
 
    F4   =F4  =   -.111*F1    + 1.000 D4   
                           .079                
                       -1.405                
                      (   .095)                                                         
                    ( -1.164)                                                         
 
In addition, the fit indices to be used in the Satorra-Bentler scaled chi-square test for this 
model are: 
Chi-square = 69.496 based on 52 degrees of freedom 
Satorra-Bentler scaled chi-square = 62.3757 on  52 degrees of freedom 
 
Then, using Satora-Bentler chi-square different test we tested which pats are 
different. And we found that no path is statistically different from each other. Thus, again 
Hypothesis 1 is not supported.  
After we tested Hypothesis 1, we ran similar models for Hypothesis 2 which 
addresses the relationship between task difficulty and the perceived effectiveness of CTE 
methods.  
The first group of models measured blood glucose level, including factors 




    F2   =F2  =    .109*F1    + 1.000 D2   
                          .103                
                        1.063                
                      (   .096)                                                         
                     (  1.139)                                                         
 
    F3   =F3  =    .148*F1    + 1.000 D3   
                          .105                
                        1.402                
                      (   .103)                                                         
                     (  1.439)                                                         
 
    F4   =F4  =    .234*F1    + 1.000 D4   
                          .115                
                        2.033@               
                      (   .110)                                                         
                     (  2.123@                  
 
In addition, the fit indices to be used in the Satorra-Bentler scaled chi-square test for this 
model are: 
SRMR = .125 
CFI = .980 
RMSEA = .057 
90% confidence interval of RMSEA (.040, .072) 
Independence model chi-square = 3317.320 on 66 degrees of freedom 
Chi-square = 131.968 based on 51 degrees of freedom 
Robust independence model chi-square = 2686.357 on 66 degrees of freedom 
Satorra-Bentler scaled chi-square = 102.9630 on 51 degrees of freedom 
 
To compare the paths, we ran three SEM models, which their paths are 




    F2   =F2  =    .128*F1    + 1.000 D2   
                          .074                
                        1.739                
                      (   .078)                                                         
                     (  1.652)                                                         
 
    F3   =F3  =    .128*F1    + 1.000 D3   
                          .074                
                        1.739                
                      (   .078)                                                         
                     (  1.652)                                                         
 
    F4   =F4  =    .234*F1    + 1.000 D4   
                          .115                
                        2.029@               
                      (   .110)                                                         
                     (  2.119@                                                         
 
In addition, the fit indices to be used in the Satorra-Bentler scaled chi-square test for this 
model are: 
Chi-square = 132.038 based on 52 degrees of freedom 
Satorra-Bentler scaled chi-square = 103.9551 on 52 degrees of freedom 
 




 F2   =F2  =    .165*F1    + 1.000 D2   
                        .077                
                      2.148@               
                    (   .079)                                                         
                   (  2.087@                                                         
 
    F3   =F3  =    .147*F1    + 1.000 D3   
                          .105                
                        1.395                
                     (   .103)                                                         
                    (  1.432)                                                         
 
    F4   =F4  =    .165*F1    + 1.000 D4   
                          .077                
                        2.148@               
                      (   .079)                                                         
                     (  2.087@                  
 
In addition, the fit indices to be used in the Satorra-Bentler scaled chi-square test for this 
model are: 
Chi-square = 132.631 based on 52 degrees of freedom 
Satorra-Bentler scaled chi-square = 104.5296 on 52 degrees of freedom 
 




  F2   =F2  =    .110*F1    + 1.000 D2   
                       .103                
                     1.066                
                   (   .096)                                                         
                  (  1.143)                                                         
 
    F3   =F3  =    .187*F1    + 1.000 D3   
                          .078                
                        2.401@               
                      (   .094)                                                         
                     (  1.992@                                                         
 
    F4   =F4  =    .187*F1    + 1.000 D4   
                          .078                
                        2.401@               
                     (   .094)                                                         
                    (  1.992@                    
 
In addition, the fit indices to be used in the Satorra-Bentler scaled chi-square test for this 
model are: 
Chi-square = 132.286 based on 52 degrees of freedom 
Satorra-Bentler scaled chi-square = 104.6143 on 52 degrees of freedom 
 
Then, using Satora-Bentler chi-square different test we tested which pats are 
different. And we found that no path is statistically different from each other. Thus, 
Hypothesis 2 is not supported for the task of measuring blood glucose level.  
Then, we ran the same set of analyses for the meal planning task. The initial 
unconstraint model gave the following path coefficients: 
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   F2   =F2  =   -.217*F1    + 1.000 D2   
                            .076                
                         -2.840@               
                       (   .081)                                                         
                      ( -2.688@                                                         
 
    F3   =F3  =   -.204*F1    + 1.000 D3   
                          .094                
                       -2.182@               
                      (   .098)                                                         
                     ( -2.091@                                                         
 
    F4   =F4  =   -.213*F1    + 1.000 D4   
                          .109                
                       -1.958                
                     (   .115)                                                         
                   ( -1.858)                   
 
In addition, the fit indices to be used in the Satorra-Bentler scaled chi-square test for this 
model are: 
SRMR = .142 
CFI = .971 
RMSEA = .077 
90% confidence interval of RMSEA (.062, .091) 
Independence model chi-square = 4085.242 on 66 degrees of freedom 
Chi-square = 195.925 based on 51 degrees of freedom 
Robust independence model chi-square = 3350.909 on 66 degrees of freedom 
Satorra-Bentler scaled chi-square = 147.1387 on 51 degrees of freedom 
 
To compare the paths, we ran three SEM models each with different paths. First 
we constrained the TD-RM = TD-PM path, which gave the following path coefficients.  
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    F2   =F2  =   -.212*F1    + 1.000 D2   
                          .060                
                      -3.565@               
                    (   .070)                                                         
                  ( -3.022@                                                         
 
    F3   =F3  =   -.212*F1    + 1.000 D3   
                          .060                
                       -3.565@               
                      (   .070)                                                         
                     ( -3.022@                                                         
 
    F4   =F4  =   -.213*F1    + 1.000 D4   
                          .109                
                       -1.959                
                    (   .115)                                                         
                   ( -1.859)                                                         
 
In addition, the fit indices to be used in the Satorra-Bentler scaled chi-square test for this 
model are: 
Chi-square = 195.936 based on 52 degrees of freedom 
Satorra-Bentler scaled chi-square = 148.3016 on 52 degrees of freedom 
 




   F2   =F2  =   -.216*F1    + 1.000 D2   
                         .063                
                      -3.436@               
                     (   .069)                                                         
                    ( -3.139@                                                         
 
    F3   =F3  =   -.204*F1    + 1.000 D3   
                          .094                
                       -2.182@               
                     (   .098)                                                         
                    ( -2.091@                                                         
 
    F4   =F4  =   -.216*F1    + 1.000 D4   
                          .063                
                       -3.436@               
                     (   .069)                                                         
                     ( -3.139@                  
 
In addition, the fit indices to be used in the Satorra-Bentler scaled chi-square test for this 
model are: 
Chi-square = 195.926 based on 52 degrees of freedom 
Satorra-Bentler scaled chi-square = 147.8048 on 52 degrees of freedom 
 




   F2   =F2  =   -.217*F1    + 1.000 D2   
                         .076                
                     -2.840@               
                    (   .081)                                                         
                   ( -2.689@                                                         
 
    F3   =F3  =   -.208*F1    + 1.000 D3   
                           .071                
                         -2.921@               
                        (   .088)                                                         
                       ( -2.367@                                                         
 
    F4   =F4  =   -.208*F1    + 1.000 D4   
                          .071                
                       -2.921@               
                     (   .088)                                                         
                    ( -2.367@                    
 
In addition, the fit indices to be used in the Satorra-Bentler scaled chi-square test for this 
model are: 
Chi-square = 195.928 based on 52 degrees of freedom 
Satorra-Bentler scaled chi-square = 148.5501 on 52 degrees of freedom 
 
Then, using Satora-Bentler chi-square different test we tested which pats are 
different. And we found that no path is statistically different from each other. Thus, 
Hypothesis 2 is not supported for the task of meal planning.  
Next, we tested the moderation model hypotheses. We first tested the hypotheses 
of the main effect models using structural equation modeling. As it mentioned earlier 
Hypothesis 4 and Hypothesis 5 are combined and marked as Hypothesis 4-5, because the 
instructional conversations and goal setting types of CTE methods are difficult to 
distinguish in the diabetes education programs because in diabetes education programs as 
they are usually provided simultaneously in one meeting. 
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Structural models are developed based on Byrne (2006) and Kline (2011). For 
dependent variables, the item with the highest loading is set to 1; and for independent 
variables the factor variance is set to 1. The disturbances are freely estimated; and there is 
a covariance among independent variables. All the independent factors were mean-
centered since interaction among them is tested. In addition, we kept the error covariance 
between O4 and O9.  
We first investigated the main effect structural model for measuring blood 
glucose level seen in Figure 2.6. For this a-priori model, we first tested the impact of task 
difficulty (shown by the thin gray arrow) and the 3 CTE methods on the 5 CTE 
outcomes. After 14 iterations, we achieved inadequate fit, a CFI of 0.878 and a RMSEA 
of 0.072. As a result, we checked the cumulative multivariate statistics to find any other 
direct paths to be included to a-priori model. This analysis showed the need of direct 
paths between consecutive dependent variables such as F5 (patient satisfaction) and F6 
(patient knowledge) and F6 and F7 (patient behavior) etc. As a result, these direct paths, 
shown by gray arrows, are included into the a-priori model: when patients are satisfied, 
they are more likely to improve their knowledge. When patients learn more about 
diabetes, they are more likely to improve effective behavior. When patients show 
effective behavior, their health is more likely to be improved. When patients’ health is 
improved, their health expenses are likely to be reduced.  
After we made these modifications to the a-priori model by adding direct paths 
between consecutive dependent variables, we ran the structural model again, and after 11 
iterations we achieved the following fit indices:  
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SRMR = .081 
CFI = .937 
RMSEA = .052 
90% confidence interval of RMSEA (.046, .058) 
Independence model chi-square = 8440.439 on 465 degrees of freedom 
Chi-square = 1010.112 based on 403 degrees of freedom 
Robust independence model chi-square = 6075.621 on 465 degrees of freedom 
Satorra-Bentler scaled chi-square = 755.3102 on 403 degrees of freedom 
 









This model shows that RM does not improve any CTE outcomes, indicating 
Hypothesis 3 is not supported. However, PM and GC improve patient CTE satisfaction; 
in addition, GC improves patient knowledge, meaning Hypothesis 4-5a and Hypothesis 
6a and 6b are supported. A counter intuitive finding was that PM reduces patient 
effective behavior. None of the CTE methods have a direct impact on patient health 
condition and patient health expenses. Thus, H5a, H6a and H6b for the task of measuring 
blood glucose level were supported.  
We tested the same model with the common method factor included. However, 
the model did not converge because the error coefficient of item O-1 is constrained at the 
lower bound. Since patient health condition is measured by four items, one of them being 
O-1, we deleted it so that the model can converge with the construct still being identified. 
The modified model converged with the same set of hypothesis being supported. In 
addition, we tested the same model with the 5 control measures identified earlier. The 
findings were the same.  
We then investigated the structural model for the meal planning as seen in Figure 
2.7. Again first the a-priori model did not provide adequate fit, so we incorporated the 
same modification of adding direct paths between consecutive CTE outcomes. After 15 
iterations, we achieved the following adequate fit indices: 
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SRMR = .063 
CFI = .950 
RMSEA = .053 
90% confidence interval of RMSEA (.047, .059) 
Independence model chi-square = 10473.839 on 465 degrees of freedom 
Chi-square = 1005.838 based on 403 degrees of freedom 
Robust independence model chi-square = 7803.372 on 465 degrees of freedom 
Satorra-Bentler scaled chi-square = 766.5386 on 403 degrees of freedom 
 
 









This model shows that CTE methods improve only CTE satisfaction and patient 
knowledge. While GC improves CTE satisfaction and patient knowledge, PM improve 
only satisfaction and RM only patient knowledge. Thus, H3b, H5a, H6a and H6b for the 
task of meal planning were supported. We tested the same model with the common 
method factor is included; however, the model did not converged. Subsequently, we 
tested the same model with control measures, the findings remaining the same.  
After we have tested the main effect model, we tested the impact of the 
moderation factors to investigate H7. We tested interaction in SEM based on the 
suggestion of Marsh et al. (2004). The three moderation factors for each task are 
RMxPM, RMxGC and PMxGC. We added these factors separately to the main effect 
structural models. We first mean-centered the items used in the interaction factor; and 
then we paired items, such as the item with the highest loading in one factor is paired 
with the item with highest loading in the other factor. We took the product of the paired 
items to create the items for the interaction factor, incorporating it into the model. In 
addition, we added covariation between interaction factor and the two factors creating it. 
We first investigated the task of measuring blood glucose level and then the task 
of meal planning. For the task of measuring blood glucose level, we investigated first the 
impact of the TDxRM interaction factor as seen in Figure 2.8. The main effects of this 
model are shown in gray arrows while the impact of interaction factor on outcomes 




SRMR = .079 
CFI = .938 
RMSEA = .047 
90% confidence interval of RMSEA (.041, .052) 
Independence model chi-square = 8803.812 on 561 degrees of freedom 
Chi-square = 1173.659 based on 489 degrees of freedom 
Robust independence model chi-square = 6169.490 on 561 degrees of freedom 
Satorra-Bentler scaled chi-square = 834.3943 on 489 degrees of freedom 
 





This above model shows that TDxRM factor does not improve any CTE outcomes 
measures, meaning that when for different levels of TD, the impact of RM does not 




Second we investigated the impact of the TDxPM interaction factor as seen in 
Figure 2.9. After 12 iterations, we achieved the following fit indices: 
SRMR = .079 
CFI = .933 
RMSEA = .049 
90% confidence interval of RMSEA (.044, .054) 
Independence model chi-square = 8908.920 on 561 degrees of freedom 
Chi-square = 1222.141 based on 489 degrees of freedom 
Robust independence model chi-square = 6198.098 on 561 degrees of freedom 
Satorra-Bentler scaled chi-square = 864.7424 on 489 degrees of freedom 
 
 







This above model showed that the TDxPM factor does not improve any CTE outcomes 
measures, meaning that for different levels of TD, the impact of PM does not change. So 
Hypothesis 7bc is not supported. 
Then we investigated the impact of the TDxGC interaction factor for the task of 
measuring blood glucose level as seen in Figure 2.10.  After 10 iterations, we achieved 
the following fit indices: 
SRMR = .080 
CFI = .941 
RMSEA = .046 
90% confidence interval of RMSEA (.041, .052) 
Independence model chi-square = 8947.012 on 561 degrees of freedom 
Chi-square = 1149.488 based on 492 degrees of freedom 
Robust independence model chi-square = 6359.720 on 561 degrees of freedom 









This above model shows, the TDxGC factor does not improve any CTE outcomes 
measures, meaning that when for different levels of TD, the impact of GC does not 
change. So hypothesis 7d is not supported. 
We investigated the same set of interaction factors for the task of meal planning. 
We first investigated the impact of the TDxRM interaction factor as seen in Figure 2.11.  




SRMR = .059 
CFI = .955 
RMSEA = .047 
90% confidence interval of RMSEA (.041, .052) 
Independence model chi-square = 11255.881 on 561 degrees of freedom 
Chi-square = 1107.182 based on 489 degrees of freedom 
Robust independence model chi-square = 8270.800 on 561 degrees of freedom 
Satorra-Bentler scaled chi-square = 833.6705 on 489 degrees of freedom 
 
 




This above model shows that the TDxRM factor does not improve any CTE outcomes 
measures, meaning that when for different levels of TD, the impact of RM does not 




Next we investigated the impact of the TDxPM interaction factor as seen in 
Figure 2.12a. After 15 iterations, we achieved the following fit indices: 
SRMR = .059 
CFI = .954 
RMSEA = .048 
90% confidence interval of RMSEA (.042, .053) 
Independence model chi-square = 11199.296 on 561 degrees of freedom 
Chi-square = 1120.207 based on 489 degrees of freedom 
Robust independence model chi-square = 8389.711 on 561 degrees of freedom 
Satorra-Bentler scaled chi-square = 845.6267 on 489 degrees of freedom 
 
 






This above model shows that the TDxPM interaction factor improves patient CTE 
satisfaction, meaning that when patients consider the task is difficulty, the impact of 
personal meetings on patient satisfaction increases. So hypothesis 7bc is supported. 
Then, we calculated simple slopes based on the SEM output using path 
coefficients and factor variances. The following regression equations for this model 
provided the path coefficients: 
 
PS =  - 0.322*TD     
     .085    
   -3.775@   
 (   .090)   
 ( -3.592@   
+ 0.053*RM   
     .084   
     .630   
 (   .095)  
 (   .560) 
+ 0.405*PM    
    .090   
   4.525@  
(   .089)  
(  4.531@ 
+ 0.515*GC   
    .090  
   5.731@ 
(   .093)  
(  5.518@ 
+ 0.264*TDxPM   
     .087   
    3.033@  
 (   .091)  
 (  2.905@ 
+ 1.00 D5   
 
In addition, the following factor variances were used to calculate simple slopes: 
TD     3.386* 
    .329  
  10.277@ 
(   .247) 
( 13.729@ 
RM      3.083* 
      .311  
     9.919@ 
  (   .261) 
  ( 11.801@ 
PM     3.485* 
     .370  
    9.412@ 
 (   .282) 
 ( 12.366@ 
GC     3.699* 
     .414  
    8.941@ 
 (   .345) 
 ( 10.718@ 
TDxPM   14.307* 
   1.696  
   8.433@ 
(  1.947) 
(  7.347@ 
 
Based on these, we found the following simple slopes: 
Simple slope for PM at mean + 1 stddev of TD = 0.405 + 0.264 x sqrt (3.386) = 0.89 
Simple slope for PM at mean of TD = 0.41 
Simple slope for PM at mean – 1 stddev of TD = 0.405 - 0.264 x sqrt (3.386) =-0.08 
 
These above simple slopes show that at a high level of task difficulty, one unit of increase 
in PM increases satisfaction 0.89 units, while at a moderate level of task difficulty, a one 
unit increase in PM increases satisfaction 0.41 units, and at low level of task difficulty, a 
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one unit increase in PM reduces satisfaction 0.08 units, meaning there is almost no 
significant impact.  
Then we investigated the impact of the TDxGC interaction factor as seen in 
Figure 2.13. After 17 iterations, we achieved the following fit indices: 
SRMR = .061 
CFI = .951 
RMSEA = .049 
90% confidence interval of RMSEA (.044, .054) 
Independence model chi-square = 11120.280 on 561 degrees of freedom 
Chi-square = 1143.270 based on 489 degrees of freedom 
Robust independence model chi-square = 8277.313 on 561 degrees of freedom 
Satorra-Bentler scaled chi-square = 866.4124 on 489 degrees of freedom 
 






As this above model shows, the TDxGC interaction factor improves patient CTE 
satisfaction, meaning that when patients consider the task is difficult, the impact of group 
classes on patient satisfaction increases. So hypothesis 7bc is supported. 
Next, we calculated simple slopes based on the SEM output using path 
coefficients and factor variances. The following regression equations for this model 
provided the path coefficients: 
 
PS =  - 0.297*TD 
    .085  
  -3.505@ 
(   .089) 
( -3.355@ 
+  .044*RM 
     .085  
     .519  
 (   .093) 
 (   .470) 
+  .379*PM 
     .090  
    4.220@ 
 (   .089) 
 (  4.233@ 
+  .532*GC 
      .090  
     5.887@ 
  (   .093)  
  (  5.712@ 
+  .197*TDxGC 
    .087      
   2.267@     
(   .094)     
(  2.095@     
+ 1.00 D5   
 
In addition, the following factor variances were used to calculate simple slopes: 
TD       2.134* 
      .248  
     8.605@ 
  (   .291) 
  (  7.345@ 
RM    2.886* 
     .340  
    8.480@ 
 (   .306) 
 (  9.418@ 
PM      3.072* 
      .412  
     7.450@ 
  (   .369) 
  ( 8.329@ 
GC     3.505* 
     .427  
    8.204@ 
 (   .343) 
 ( 10.217@ 
TDxPM    12.493* 
   1.639  
   7.623@ 
   (  2.684) 
    4.654@ 
 
 
Based on these, we found the following simple slopes: 
Simple slope for PM at mean + 1 stddev of TD = 0.532+ 0.197 x sqrt (2.134) = 0.82 
Simple slope for PM at mean of TD = 0.53 
Simple slope for PM at mean – 1 stddev of TD = 0.532 - 0.197 x sqrt (2.134) =0.24 
 
These above simple slopes show that at a high level of task difficulty, a one unit of 
increase in GC increases satisfaction 0.82 units, while at a moderate level of task 
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difficulty, a one unit increase in GC increases satisfaction 0.53 units, and at a low level of 
task difficulty, a one unit increase in GC increases satisfaction 0.24. 
These six structural models including interaction factors show that the impact of 
RM on service outcomes is not dependent on the task difficulty. However, the impact of 
PM and GC on patient CTE satisfaction is dependent on task difficulty for the task of 
meal planning, suggesting that there is a fit between task difficulty and the extent use of 
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In the last aspect of our analysis, we investigated the impact of 5 control measures 
on the three moderation models to test H7a (TD-RM), H7b (TD-PM) and H7c (TD-GC). 
We included these factors separately by creating a direct path from each control factor to 
all dependent variables and by creating covariance from each control factor to all 
independent variables. We consistently found that while the control factors influence 
either patient health condition or patient health expenses, they do not influence the results 
of the hypotheses.  
 
2.6. Discussion 
In this study we investigated the fit between the customer perceived difficulty of 
learning a task and various CTE methods to determine their appropriateness and 
effectiveness. This section discusses the results of the 7 hypotheses and their 
implications. The first two hypotheses measure fit as matching and the remaining five 
hypotheses test fit as moderation. 
The result of the fit models did not support either of the first two hypotheses. 
Hypothesis 1 suggests that as the customer perceived task difficulty increases, customers 
more extensively use CTE methods with greater information processing capacity. Our 
comparison of the three path coefficients which show the strength of relationship between 
task difficulty and CTE methods did not support H1. Hypothesis 2 suggests that as the 
customer perceived task difficulty increases, customers perceive CTE methods with 
greater information processing capacity more effective. Again we were not able to 
support H2 for these two tasks. 
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H3, H4-5 and H6, measure the main effect of CTE methods on CTE outcomes, 
and H7 measures the interaction effect of CTE method and task difficulty on CTE 
outcomes. Specifically, these hypotheses tests whether the impact of CTE methods on 
CTE outcomes is dependent on task characteristics. A–priori models of main effect did 
not exhibit adequate fit; however, cumulative multivariate statistics showed that 
relationships between CTE outcomes should be included to achieve an adequate fit.  
Once these relationships were included the model gave an adequate fit; however, 
the findings were counter-intuitive and inconsistent for these two tasks. For the task of 
measuring blood glucose level (BGL), H4-H5-a, H6-a and H6-b were supported, while 
for the task of meal planning (MP), in addition to these three hypotheses, we found 
support for H3-b, H7-bc-a and H7-d-a. These findings mean that for a simple tasks like 
BGL, CTE methods with high levels of information processing capacity, such as PM and 
GC, have an impact on CTE outcomes, while CTE methods with low information 
processing capacity, such as RM, have no significant impact on CTE outcomes. In 
addition, for the task of meal planning (PM), which can be considered to be more 
complicated, reading material became an effective CTE method. Again, we initially 
thought that these findings were counter-intuitive. 
The unexpected findings led us to question our a-priori belief that task difficulty 
alone affects the best choice for CTE in a service design. While the difference in task 
difficulty between learning to measure BGL and MP was validated by every diabetic 
training expert we consulted, there is another distinctive difference between these two 
tasks. BGL is a physical task while MP is a cognitive task. Being a BGL as a physical 
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task suggests that using RM to teach BGL is not the best approach because the patient 
benefits from practicing it in personal meetings and group classes where they can be 
coached.  However, MP, a cognitive task, requires patients to develop a conceptual model 
of the ideal meal (e.g., how much protein and how much carbohydrate) as well as to 
predict how many calories and grams of each they will consume. Many appropriate 
examples can be provided in written material or through videos to explain how to 
calculate these carbohydrates and proteins in a step-by-step fashion. The patient may also 
benefit from coaching based on the products of their meal planning.   
One implication of incorporating the concept of physical and cognitive tasks is to 
suggest that the best CTE for physical service tasks are personal meetings and group 
classes which allow patients to observe and actively perform the task and be coached 
about their technique performing the task. However, cognitive tasks require the use of all 
the CTE methods as they require the customer to understand the underlying principles of 
the activity, as well as to have this knowledge accessible for their use when needed. Thus, 
a well-designed brochure, manual or video can effectively communicate this conceptual 
knowledge and be available to customers when they want to use it. Simultaneously, 
personal meetings and group classes provide a format that simplifies the explanation, 
tests the customers’ understanding and personalizes the information to facilitate customer 
learning. 
When viewed from the perspective of physical and cognitive tasks, the 
moderation model suggests that CTE outcome depends on the task difficulty and type 
physical and cognitive. The summary table shows that for physical task such as BGL no 
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interaction is significant, meaning that while the use GC and PM improves patient 
satisfaction, there is no significant difference between the slopes of task difficulty and the 
CTE method based on patient perception. However, for a cognitive task, such as MP, the 
extent use of PM and GC has a significant impact on patient satisfaction, an impact that is 
dependent on patient perceived task difficulty. This means that when patients consider a 
cognitive task more difficult, the impact of CTE method on their satisfaction will be 
higher. A successful CTE program, thus, needs to be designed according to the 
capabilities of the patients.  
An unintended but important finding of the main effect models is that CTE 
methods improve only patient satisfaction and patient knowledge. These two outcome 
factors completely mediate the impact of CTE methods on patient effective behavior, 
patient health condition and patient health expenses. This finding is well supported by the 
interviews with the educators. One patient wrote a note on the survey saying “It is 
ultimately up to the individual to take control of the disease. The information is out there, 
but diabetics themselves have to learn it and make individual decision to use it - whether 
from reading, attending classes or from personal consultations.”  
In addition, this finding regarding main effects may imply that diabetes education 
programs can predict the performance of their services by measuring the CTE satisfaction 
and knowledge of their patients. We tested the structural models with only these two 
outcome measures, not including patient behavior, health condition and expenses. The fit 
improved; specifically, for BGL the CFI improved from 0.937 to 0.979 and RMSEA 
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improved from 0.52 to 0.38. For the task of meal planning, CFI improved from 0.950 to 
0.999 and RMSEA improved from 0.53 to 0.12. 
Another finding of this study was that the certain CTE methods influence certain 
CTE outcomes; specifically, reading material increases knowledge, personal meetings 
improve satisfaction, and group classes improve knowledge and satisfaction. For both 
tasks, PM has a significant impact on patient CTE satisfaction. Patients who get more 
personal attention feel more satisfied. However, unlike reading material, personal 
meetings do not have a direct effect on patient knowledge, even though it improves it 
through satisfaction. Thus, a combination of PM and RM may be needed to improve both 
CTE satisfaction and knowledge. For both tasks, GC has a significant impact on patient 
CTE satisfaction and customer knowledge. Patients who attend more group classes feel 
more satisfied and gained more knowledge. 
The overall results of fit as moderation also showed that the effectiveness of the 
CTE method is dependent on task characteristics which can be measured in various 
dimensions, such as easy vs. difficult as well as in terms of physical vs. cognitive. This 
finding did not change the overall model since task characteristics moderated the 
relationship between CTE method and CTE outcome; however, it suggested that the 
service designers need to consider multiple dimensions of task characteristics.  
 
2.7. Chapter conclusions 
We consider the findings to be valuable for service design research and to  
provide valuable insights to service professionals. Service design research investigates 
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how various service design choices can be combined to create value for customers (Roth 
and Menor, 2003). In some services, such as health care, customer participation in the 
service is inevitable, so the service design needs to consider ways of making customer 
participation effective. For example, hospitals use diabetes education programs in their 
service design to improve patient contribution to their treatment.  
Customer training and education can be designed in various ways to create values 
to customer. In this study, through OIPT, we investigated the impact of three CTE 
methods representing the different ways of communicating educational content to 
customers. We found that depending on the task characteristics, the significance of these 
CTE methods can be different. Overall, we can conclude as educational methods are 
being considered for inclusion in CTE programs, service designers need to understand the 
requirements of the service task. Future research will investigate the relationship between 
CTE methods and CTE outcomes by considering more types of contextual variables, and 
tasks characteristics as well as organizational characteristics.  
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CHAPTER 3 – ESSAY 2 
 
CUSTOMER TRAINING AND EDUCATION IN SERVICE DESIGN: A CUSTOMER 
READINESS MODEL VIEW 
 
3.1. Introduction 
The objective of this study is to analyze how services train and educate their 
customers in order to improve service performance. The customer readiness model 
(Bowen, 1986; Bitner, 2002; Meuter et al., 2005) is used here to create a theory to explain 
how customer training and education (CTE) improve service performance. This customer 
readiness model argues that customers are more likely to perform certain service task 
behaviors if they are aware of their important service responsibilities and if they have the 
skills and motivation to fulfill these responsibilities. Although prior research on customer 
readiness mentions that CTE ensures customer readiness, it has not integrated CTE into 
the model.  
While most services provide their customers some related knowledge and skills 
(e.g., Lovelock and Young, 1979), some services (e.g., health care, legal and financial 
services) provide extensive training and education to their customers since their 
customers may need to perform tasks for which their knowledge and skills may not be 
adequate. In addition, many professional services engage in long-term relationships with 
their customers, and often if the customers fail to perform tasks as required, then the 
resultant failures hurt performance and may be costly to the firm. For example, legal 
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firms delegate many tasks to their client/customers, that if improperly executed may 
adversely affect the case. Consequently, the service design of legal services includes CTE 
to improve the client/customer’s knowledge and skills related to the task they must 
perform. 
Customer training and education is a service practice used to increase customer 
knowledge, skills and motivation in order to improve the customers’ effectiveness in the 
service process. While a service design is a plan by which the service intends to provide 
value to customers (Roth and Menor, 2003), the CTE design is the portion of the service 
design which prepares the customer to receive the greatest value from the service. A 
thorough review of multiple literatures identified only limited research on CTE, and no 
prior research examined it in the context of the customer readiness model. Some earlier 
studies have provided anecdotal evidence on the impact of CTE on customer behavior 
and service performance (e.g., Bitner, 2002). However, this existing service literature has 
not investigated how to design CTE and how CTE facilitates service delivery to create 
this value for customers.  
To explicitly incorporate CTE into the customer readiness model, we propose 
adding three elements to it: (1) role education which teaches customers about their 
important service responsibilities; (2) skill training which teaches customers those skills 
they need to perform their service responsibilities; and (3) consequences education which 
teaches customers the consequences of performing or not performing the required tasks. 
For example, an attorney would inform the clients/customers about the paperwork they 
must complete, demonstrate and explain how to do so, and communicate the 
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consequences of not properly completing the required tasks. As a result, we argue that 
CTE creates value to customers through these three elements.  
This research examines the use of CTE in healthcare services for several reasons.  
First, healthcare services are co-produced, and many hospital administrators are 
motivated to explicitly include CTE in their healthcare service designs in order to 
improve patient and hospital outcomes. Second, the U.S. health care system is facing 
many challenges and more effective CTE for the patients has the potential to improve 
patient outcomes as they manage their chronic conditions more effectively. A successful 
health CTE service clarifies the customers’ responsibilities as well as tries to develop 
their skills and motivation to fulfill them.  
In Section 3.2, the literature related to CTE and the customer readiness model is 
reviewed. In Section 3.3, the research model and hypotheses are discussed, leading to the 
explanation of the methodology used in this study in Section 3.4. Section 3.5 includes the 
results, Section 3.6 the discussion, and Section 3.7 the conclusions.  
 
3.2. Literature review 
Bowen (1986) used Vroom’s (1964) expectancy theory of motivation to 
investigate what is required for customers to effectively perform their service tasks. 
Although research formed the basis of the customer readiness model, it does not explain 
how services train and educate their customers. While some service literature mentions 
various methods of CTE (see Summary of Service Literature in Appendix A-2), these 
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studies do not investigate how to incorporate CTE into service design and customer 
readiness.  
Customer training and education consists of service practices planned to improve 
the participation of customers by increasing their understanding of their service tasks 
(Damali et al., Article 1). The service literature examining CTE has primarily 
investigated three issues related to the customer readiness model: (1) the service context 
and characteristics in which CTE is provided, (2) the methods of CTE provided, and (3) 
the outcomes of the CTE.  
 
3.2.1. Customer training and education 
The two research streams in the service literature advocate contrasting 
recommendations for improving service performance. One suggests reducing customer 
participation, thereby reducing the need for CTE, and the other suggests managing 
customer behavior by providing CTE. Reducing customer participation increases 
productivity when customer behavior is unpredictable and inefficient. This approach is 
supported by Levitt’s (1972) production-line approach, earlier versions of the customer 
contact model (Chase, 1978), and the swift even flow theory (Schmenner, 2004). 
 Other researchers argue that since it may not be possible to reduce customer 
participation, the service can become more predictable and efficient if customers are 
knowledgeable and skilled in performing their required tasks (e.g., Bateson, 2002; Frei, 
2006). They suggest providing CTE to ensure customers have adequate knowledge and 
skills to perform their role in the service. This second strategy of providing CTE has been 
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found to be more effective in certain service contexts. For example, those requiring 
limited active participation from customers (e.g., restaurant and mass transit) may need to 
provide very little training, while services which require high customer contact and active 
customer participation need to provide higher levels of CTE (Lovelock and Young, 1979; 
Bitner et al., 1997; Bateson 2002; Halbesleben and Buckley, 2004). These services are 
characterized by having frequent onsite service encounters (Bowen, 1986) and ongoing 
and lengthy relationships with their customers (Goodwin, 1988). In addition, many of 
them are complex (Mills and Morris, 1986; Kelley et al., 1990; Frei, 2006), requiring 
extensive customer knowledge and skills (Canziani, 1997; Bettencourt et al., 2002).  
Customer training and education include two primary methods: impersonal and 
personal. The impersonal methods are written instructions, signs, manuals, maps and 
billboards frequently used in services (e.g., Bitner et al., 1997; Bateson 2002). Zhao et al. 
(2008) referred to these types of written methods of CTE as instructional since they train 
and education customers through providing direct instruction about what they need to do. 
While most impersonal methods are printed documents, some also incorporate visual and 
audio communication technologies such as realistic service previews (e.g., Mills and 
Morris, 1986).  
Personal methods of CTE use employee-to-customer (e.g., Lovelock and Young, 
1979) and/or customer-to-customer communication (Goodwin, 1988; Kelley et al., 1990). 
These methods of training and education are personal because their customer contact 
increases customer engagement in the learning process. These methods not only give 
instructions but also demonstrate and allow customers to actively practice skills during 
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the service encounter. Some researchers considered that engagement of customers with 
employees and other customers is a means of improving customer service understanding 
and task-related behaviors (Lovelock and Young, 1979; Goodwin,1988; Kelley et al. 
1990). Burke et al. (2006) empirically compared the effectiveness of various methods of 
training and education for health-related tasks, finding that methods that demonstrate and 
allow customers to actively perform the tasks increase knowledge acquisition and 
performance.  
The outcomes of CTE can be both primary and secondary. The primary outcomes 
can be further categorized as either cognitive or behavioral learning (Canziani, 1997). 
Cognitive learning is the inner mental activity such improved knowledge which may or 
may not be converted to behavior, while behavioral learning refers to a permanent change 
in human behavior due to an experience (Myer, 2004). Secondary outcomes include 
customer satisfaction (e.g., Bowen, 1986; Kelly et al., 1990), service quality (Goodwin, 
1988; Bateson, 2002) and service productivity (e.g., Lovelock and Young; 1979, Mills 
and Morris, 1986). While some studies focus on these outcomes individually, others 
suggest that they are interrelated (Halbesleben and Buckley, 2004).  
 
3.2.2. Customer readiness model  
The theoretical foundation of the customer readiness model is Vroom’s (1964) 
expectancy theory of motivation. This model was extended by Porter and Lawler’s 
(1968) model and Bowen (1986) and Meuter et al.’s (2005) customer readiness model. 
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While Porter and Lawler (1968) added the role perception variable, the discussion of 
Figure 3.1 begins with Vroom’s (1964) model.  
 
Figure 3.1: Summary of customer readiness model and expectancy theory of motivation 
  
Expectancy theory of motivation  
(Porter and Lawler, 1968) 
Customer readiness model  
(Bowen, 1986; Meuter et al., 2005) 
 
 
Vroom’s (1964) expectancy theory of motivation originated in organizational 
behavior and industrial organizational psychology and subsequently has been applied to 
various other management fields and research topics (Eerde and Thierry, 1996). Vroom 
(1964) considered motivation as a force pulling employees to perform a certain behavior. 
Mathematically, this force is measured as the function of valence (V), instrumentality (I), 
and expectancy (E). According to Vroom (1964, pp. 15) valence is “affective orientation 
toward a particular outcome,” essentially representing a person’s preference, meaning the 
value of rewards and the attraction towards an outcome. For example, if an employee 
prefers a pay raise over recognition, the pay raise has a higher valence than recognition 
for that employee. 
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Expectancy is “a momentary belief concerning the likelihood that a particular act 
will be followed by a particular outcome” (Vroom, 1964, pp. 17), while instrumentality 
represents the probability that a desired second-level outcome will be achieved through a 
first-level one. These two variables represent the person’s perception of probability for 
achieving rewards. For example, an employee’s belief that attending a training program 
will lead to improved performance represents expectancy, and the incentive she 
subsequently receives from her managers represents instrumentality. This employee will 
be more likely to perform effective behaviors if she believes that training will improve 
her performance and her performance, in turn, will be rewarded by her managers.  
Vroom (1964) hypothesized that the interaction or multiplication of values of 
rewards and the probability of achieving them determines the motivation of an employee 
to perform a job effectively. For example, if a person perceives rewards to be valuable 
and feasible, then she is highly motivated. However, if that person perceives the rewards 
to be valuable but not possible to achieve, then she is not going to be motivated. And 
similarly, if that person perceives the achieving of the rewards to be possible but believes 
they are not valuable, then she is not going to be motivated. 
While the most frequently acknowledged aspect of the theory is the 
conceptualization of motivation, this theory also explains the components of employee 
performance. Based on empirical findings and earlier research (e.g., Mace, 1935; Viteles 
1953), Vroom (1964) proposed that employee performance is a function of ability and 
motivation. He defined ability as “a potential for performing some task which may or 
may not be utilized.”  Similar to the motivation function, he suggested that this 
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performance is an interaction or multiplication model, i.e., the product of ability and 
motivation.  
Porter and Lawler (1968) extended the expectancy theory to a three-factor model 
by including a new variable called role perception, defined as “the direction of effort – 
the kinds of activities and behaviors the individual believes he should engage in to 
perform his job.” For example, a supervisor and a new employee may have different 
perceptions about the employee’s role. The supervisor expects the employee to improve 
administrative skills, while this employee prefers improving technical skills, resulting in 
wasted efforts in an area which is not going to help job performance. Similarly, Porter 
and Lawler (1968) suggested a multiplication model explaining that the product of role 
perception, ability and motivation determines the performance of effective behavior.  
Bowen (1986) extended the work of Vroom (1964) and Porter and Lawler (1968) 
to services in the form of the customer readiness model. This model has three factors – 
role clarity, customer ability and motivation – all of which predict effective customer 
service behavior and performance. Early research conducted by Bowen (1986) defined 
role clarity, derived from role perception, as the customer understanding of what they are 
expected to do in the services; ability as whether customers can perform as expected; and 
motivation as whether customers value the service benefits. Bowen (1986) explained that 
CTE improves customer role clarity, ability, and motivation. 
Bitner (2002) developed a multi-dimensional construct of customer readiness, 
arguing that CTE increases customer readiness. Using this customer readiness model, 
Bettencourt et al. (2002) examined B2B knowledge intensive services, finding that a 
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customer’s role clarity; motivation; and knowledge, skills and abilities increase effective 
co-production and customer satisfaction. More recently, Meuter et al. (2005) 
operationalized the customer readiness model, finding that consumer readiness increases 
the likelihood of customers trying a self-service technology. 
 
3.3. Research model 
The model proposed in Figure 3.2 extends the customer readiness model in two 
ways. First, as seen on the left, it adds the three Customer Training and Education (CTE) 
elements – role education, skill training and consequence education. Second, on the right 
it adds a secondary outcome, service performance. Role education, which explains 
“know-what” or the tasks a customer needs to perform, provides role clarity to the 
customer. Skill training, which explains “know-how” or how customers perform the 
services tasks, ensures that customers have the necessary abilities to perform service 
tasks. Consequence education, which explains know-why or why customers need to 
perform certain service tasks, motivates customers because they understand the 
advantages of fulfilling their responsibilities. For example, a nurse who is teaching a 
patient to measure her blood-glucose level first explains that her role and responsibility is 
to measure her blood-glucose level regularly (know-what). Then the nurse provides skill 
training (know-how) by demonstrating the technique and/or allowing patient to do it 
herself, and she provide consequence education (know-why) by teaching the reasons for 
this measurement. Since both the role and consequence education improve conceptual 
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understanding, they can be considered education, while skill training, because it is 
practical, is referred to as training (Damali et al. Article 1).  
 
Figure 3.2:  Model of how customer training and education (CTE) affects customer 




3.3.1. Role education  
Role education explains to the customer what behaviors they are responsible for 
performing in the service. In complex services such as healthcare, patients/customers 
have multiple responsibilities. In these services role education helps them to understand 
the priority of the tasks they must perform and accept that they must perform them. As 
customers are taught their expected behaviors, their role clarity increases. So it is 
hypothesized that 




Bowen (1986) conceptualized and Meuter et al. (2005) empirically found that 
increased customer role clarity increased customer effective behavior. Role clarity 
encourages customers to focus their efforts on performing those behaviors which are 
required for service performance. For example, diabetic patients learn that they should eat 
certain foods, take insulin and measure their blood-glucose level. When a health educator 
clarifies the patient’s service role, the patient’s role clarity increases, and she more 
frequently eats the correct food, takes insulin and measures blood-glucose levels. So it is 
hypothesized that 
H2: Increased customer role clarity increases customer effective behavior. 
 
3.3.2. Skill training 
Skill training provides customers the know-how or the ability to perform their 
service tasks. The various methods to teach customers how to perform their service tasks 
can be classified according to their degree of active participation of the customer in the 
training process. The least active involvement is when the customer is given a written 
brochure or other media and asked to learn about the service on their own. The most 
active involvement is through hands-on training where the customer performs the tasks 
under the guidance of the trainers. An intermediate level of active involvement of the 
customer with the trainer is a demonstration or lecture where the customer observes the 
trainer.  Burke et al. (2006) empirically compared the effectiveness of various methods, 




H3: Increased levels of skill training increases customer ability to perform the 
task. 
 
Bowen (1986) conceptualized and Meuter et al. (2005) empirically established 
that increased customer ability increased customer effective behavior. Customers who 
know how to perform the service tasks are more likely to exhibit the effective behaviors 
in the service. So it is hypothesized that 
H4: Increased customer ability increases customer effective behaviors. 
 
3.3.3. Consequence education  
Education about positive and negative consequences explains why customers 
need to perform the service tasks. Lovelock and Young (1976) suggested that service 
providers should communicate the benefits, such as time and monetary savings, to 
motivate the customers to use self-service technologies because these benefits may not be 
obvious to them. Similarly, diabetic patients need to understand the consequences of both 
tracking and not tracking their blood-glucose levels, motivating them to do the task. So it 
is hypothesized that 
H5: Increased consequence education increases customer motivation. 
 
Based on the customer readiness model, increased customer motivation increases 
customer effective behavior. For example, a diabetic patient knowing that not tracking 
her blood-glucose levels may lead to diabetic coma motivates her to perform the task, and 
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a patient who is willing to perform these tasks increases her effective behavior. So it is 
hypothesized that 
H6: Increased customer motivation increases customer effective behavior. 
 
3.3.4. Customer behavior and service performance 
Customers are co-producers of the services, meaning they perform various 
behaviors which are closely linked to the service performance. If they perform these 
behaviors effectively, then service performance such as satisfaction, quality and 
efficiency will be improved. Service literature (see Summary of service literature in 
Appendix A-2) provides strong evidence that the primary outcomes of training and 
education result in improved secondary outcomes. For example, diabetic patients who 
track their blood-glucose levels regularly are more likely to control their condition as 
well as be able to share this important information with their doctors to obtain better 
health care; on a practical level this effective participation reduces the number of visits to 
the emergency room or may improve health. So it is hypothesized that: 
H7: Increased customer effective behavior increases service performance (e.g., 
reduced patient health expenses or improved patient health condition). 
 
3.3.5. Multiplicative impact of training and education elements 
The expectation theory of motivation (see Figure 1) suggests that there are three 
interaction terms to consider – role perception X ability, role perception X motivation and 
ability X motivation. Similar to the customer readiness constructs, CTE elements 
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moderate the impact of one another on customer behavior. If services clearly state the 
service roles, then the training they provide to teach the skills will become more effective 
in changing customer behaviors. For example, if a diabetes educator tells diabetic patients 
what responsibilities to perform but does not spend time ensuring that they have the skills 
and motivation to perform the tasks, then patients may not engage in effective behavior. 
Since without motivation the level of patient role clarity and ability becomes less 
effective, the following are hypothesized 
H8a: Role education moderates the relationship between skill training and 
customer role clarity. 
H8b: Role education moderates the relationship between skill training and 
customer ability. 
H8c: Role education moderates the relationship between consequence education 
and customer role clarity. 
H8d: Role education moderates the relationship between consequence education 
and customer motivation. 
H8e: Consequence education moderates the relationship between skill training 
and customer ability.  
H8f: Consequence education moderates the relationship between skill training 




3.4. Methodology  
3.4.1. Sample 
An in-depth examination through interviews and observations of several 
professional services was conducted to determine a service context suitable for obtaining 
data about CTE, including a bank, an attorney, and two dental practices and two 
educational programs. These particular professional services were investigated because 
all require an ongoing relationship with their customers while the customers are required 
to perform tasks of varying difficulties. Since these services may be ineffective if the 
customers lack the necessary skills, each provides extensive CTE.  
From these services, the diabetes education program was selected for this study 
for several reasons. First, diabetes is an important health issue in the U.S., particularly in 
South Carolina. As a result, hospital administrators are motivated to provide effective 
training and education to improve patient and hospital outcomes. For example, 
preliminary interviews found data consistent with the literature that on average 30 percent 
of the patients in Upstate South Carolina hospitals have diabetes and approximately 12 
percent of the general population of South Carolina has diabetes (scdhec.gov). These 
diabetic patients who do not manage their condition well visit hospitals more frequently 
than other patients. However, insurance companies are reluctant to reimburse the 
hospitals for multiple visits by the same patient (diabeteseducator.org). Second, 
compared to other professional services, hospitals more frequently train and educate their 
diabetes patients using a wider range of educational methods, including brochures, 
videos, group classes and one-on-one personal meetings. Third, while all hospitals deliver 
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the same educational content approved by the American Diabetes Association (ADA), it 
does not dictate the training and educational methods. This portion of the service design 
is determined by the hospital, meaning there is some level of variation among them.  
Seven hospitals in South Carolina were selected and their diabetes education 
programs were investigated for this study. Table 3.1, which lists the demographics of 
these hospitals and their diabetes education programs, was created based on multiple 
interviews with chief diabetes educators and the participation by one researcher in the 
diabetes education programs at two hospitals. The information came from 2009 and 2010. 
These seven hospitals were selected because they are located in close proximity, serving 
populations with similar characteristics while there is variability among them in terms of 
educational methods used.  
The largest hospitals with the most extensive diabetes education programs are the 
Greenville Hospital System (GHS) and the Spartanburg Regional Healthcare system 
(SRHS), each serving 1000 patients with diabetes per year. The SRHS has the highest 
number of patients, approximately 900, who complete the standard education program. 
AnMed Health (AH) and Lexington Medical Center (LMC) are medium-size hospitals, 
while Oconee Medical Center (OMC), Easley Baptist (EB) and Cannon Memorial 





























































560 1000 900 (90%) 5 2 2 1 4 
AnMed Health (AH) 430 400 300 (75%) 4 1 3 1 2.5 
Lexington Medical 
Center (LMC) 415 400 100 (25%) 2 3 4 1 2 
Oconee Medical 
Center (OMC) 125 200 150 (75%) 1.5 1 3 1 3 
Easley Baptist (EB) 105 200 160 (80%) 2 1 4 1 2 
Cannon Memorial 

































10 7 3 – 10 4 1 
AnMed Health (AH) 9 7 3 – 10 3 1 
Lexington Medical 
Center (LMC) 12 4 2 – 10 4 1 
Oconee Medical 
Center (OMC) 10 6 3 – 10 4 1 
Easley Baptist (EB) 9 4 3 – 6 4.5 0.5 
Cannon Memorial 









All of these programs use a standard curriculum approved by the ADA, taught by 
educators certified by the National Certification Board for Diabetes Educators (NCBDE); 
however, each program differs in the total number of hours of offered to its patients. In 
general, the standard education programs of most hospitals are approximately 10 hours 
because Medicare and Medicaid pay for only this amount of education. The standard 
education programs are 12 hours at GHS and LMC, and 9 hours at AH, which also 
encourages patients to attend free monthly support group meetings. CMH offers only 2 
hours of education because it is not accredited and does not require insurance; however, it 
still follows the curriculum of the ADA.  
These programs provide education to their patient through three primary methods: 
reading materials, personal meetings and group classes taught by the certified diabetes 
educators. While all provide extensive reading material, there is variability in terms of the 
number and the duration of personal meetings and group classes. All these programs offer 
personal meetings that usually last approximately 1 hour, with LMC using this method 
more often than the others, offering 3 personal meetings in its standard education 
program. GHS, LMC and EB use group classes more than the others, offering 4 group 
classes in their standard education program, while SRHS offer the longest class, which is 
approximately 4 hours.   
As the educators follow the curriculum accredited by the ADA, they cover similar 
topics; however, their emphasis differs. Meal planning and measuring blood-glucose 
level are the two primary topics covered in these classes, some others being taking 
medication, stress management and foot checking. As expected, because meal planning is 
 
140 
the most critical and difficult topic, it receives the largest time portion of the classes, 
approximately 50 percent in the standard education program. The other primary topic is 
measuring blood-glucose levels; however, this one is much easier than the meal planning 
topic. Educators spend approximately 1 hour on this topic in the standard education 
program.  
The average attendance and the minimum and maximum class size also differ. For 
most hospitals, the average attendance is 6 to 7 patients per class, with LMC’s average 
being the lowest, 4 patients per class. The educators mentioned that they try not to 
schedule more than 10 patients per class session because the quality of teaching is 
affected when the number is more than that. The minimum class size is approximately 2 
or 3 patients. All hospitals, even if only one patient shows up, conduct the class; 
however, it is seldom that the number of patients drops below 3. 
While there is variability among hospitals in their standard education programs, 
this variability is even higher at the patient level, meaning each customizes its education 
to meet patient needs. For example, a non-native person with low language skills may be 
referred only to personal meetings. In addition, patients eventually decide which 
education method is appropriate for them and how much they need.  For example, while 
GHS offers 12 hours of education, a patient may choose to obtain this education only 
through reading materials, not attending any meetings or classes. In addition, while two 




Table 3.2 compares these hospitals based on the demographics of the patients 
attending their programs. Consistently in all these hospitals, female attendance is higher 
than male, approximately 60 percent, and most patients, 70 percent, are white and over 45 
years of age. The same demographic data were collected from patients who evaluated the 
diabetes education programs of these hospitals. The information collected from educators 
was compared with the data collected from patients to check non-response bias to ensure 
the characteristics of the sample were consistent with the characteristics of the population 
attending the diabetes education program in the 7 hospitals investigated here. 
 
Table 3.2: Demographic information of hospitals for years 2009 and 2010 






patient 45 and 
older 
Greenville Hospital System 
(GHS) 
1000 600 (60%) 800 (80%) 700 (70%) 
Spartanburg Regional 
Healthcare System (SRHS) 
1000 600 (60%) 700 (70%) 750 (75%) 
AnMed Health (AH) 400 240 (60%) 240 (60%) 300 (75%) 
Lexington Medical Center 
(LMC) 
400 220 (55%) 300 (75%) 300 (75%) 
Oconee Medical Center 
(OMC) 
200 120 (60%) 150 (75%) 160 (80%) 
Easley Baptist (EB) 200 110 (55%) 180 (90%) 160 (80%) 
Cannon Memorial Hospital 
(CMH) 
80 50 (62.5 %) 55 (68.8%) 60 (75%) 
 
 
3.4.2. Survey development and data collection 
This study, which is part of a larger research agenda investigating how services 
train and educate their customers in order to improve service performance (Damali et al., 
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Article 1; Damali et al., Article 3), focuses on how CTE elements improve customer 
readiness, customer effective behavior and service performance.  We collected data 
though surveys sent to adult patients with type-2 diabetes who attended outpatient 
diabetes education programs provided by these seven hospitals in South Carolina during 
2009 and 2010. These seven educational programs served approximately 6560 patients 
during these two years, and we sent the survey to 3198 patients in the spring of 2011.  
To increase the validity and reliability of the survey, we followed the Roth et al.’s 
(2007) two-stage, “front-end” and “back-end,” scale development procedure seen in 
Figure 3.3, supplementing their “back-end” procedure with Dillman’s (2008) suggestions 
on survey construction and implementation. Roth et al.’s (2007) approach, which is 
similar to other widely accepted scale development methods such as those of Churchill 
(1979) and Clark and Watson (1995), was used here because it is one of the most recent 
scale development methods in the operations management field emphasizing the 








3.4.2.1. Theoretical domain and operational definitions of constructs  
The first of the 6 steps in Roth et al.’s (2007) procedure, the specification of the 
theoretical domain and the operational definitions of the constructs, was begun by 
reviewing the literature on CTE and the customer readiness model. This research resulted 
in the eight constructs, seen in Table A.3.1 and Figure 3.2, and the conceptual definitions 
of the customer readiness model constructs based on Meuter et al. (2005). To provide 
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operational definitions and apply these constructs to our specific research problem, we 
conducted interviews with the educators at these seven hospitals, their patients and one 
medical doctor specializing in endocrinology at GHS. In addition these interviews were 
supplemented by direct observations of the researcher who attended two educational 
programs, one at OMC and one at AH. Table A.3.1 (see Appendix B) shows the 
constructs forming the domain of this study, their initial definitions based on literature, 
and the final operational definitions of these constructs. 
For most of the constructs, these interviews and observations did not significantly 
change the original definitions of Meuter’s et al. (2005) customer readiness constructs; 
however, they revealed that skill training is most effective when patients can practice the 
required service skills. As a result, to measure of skill training, we incorporated the idea 
of hands-on experience and active practice of skills. In addition, based on these 
interviews and observations, we added the construct of patient health expenses and 
condition. Service literature mentions various types of secondary outcomes (e.g., cost 
reduction, service quality and customer satisfaction); however, the significance of these 
outcomes is dependent on the service context (Kirkpatrick and Kirkpatrick, 2006). Thus, 
we interviewed diabetes educators to determine the appropriate outcome measures to be 
used in this study and decided patient health condition and expenses were appropriate. 
 
3.4.2.2. Generate items 
The second step involved in survey development was generating the items. Table 
A.3.2 (see Appendix C) shows the initial item pool and the initial adapted items. This 
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pool was developed from the literature, specifically from the surveys of Bitner et al. 
(2002), Meuter et al. (2005) and Kirkpatrick and Kirkpatrick (2006). Similar to the 
procedure followed in the previous step, we adapted items based on the interviews and 
observations. At the early stage of adaptation, we developed items for the construct of 
CTE elements and CTE outcomes. Because the CTE elements are considered to be the 
primary contributions of this research and they are conceptually similar to customer 
readiness constructs, we decided to focus on developing items for CTE elements to 
generate the initial adapted item pool.  
These modifications of the items included the following: (1) the items were 
written so that respondents and the unit of analysis were the patients; (2) the items were 
written to measure patient experience of two primary diabetes management tasks: 
measuring blood-glucose level and planning meals because these two tasks are 
consistently taught in all educational programs while one is easy and the other is difficult; 
(3) the service performance items – customer behavior, health expenses and condition – 
were written to be comparative measures of before and after training and education; and 
(4) items were written in reflective form, meaning they were the manifestations of the 
constructs and they appeared to be conceptually interchangeable.  
 
3.4.2.3. Purify and pre-test items 
The third step of the procedure began with purification of the adapted item pool 
and of the construct definitions using 10 rounds of q-sort with Clemson University 
undergraduate and graduate students who matched the construct definitions with the 
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items. The tentative validity and reliability of the items were determined by calculating 
the respondents’ correct hit rates. Each respondent matched 10 items with 10 constructs 
to avoid mental fatigue, with each item being matched with a construct by 7 respondents. 
The items with low hit rates, below 70 percent, indicated a lack of validity and reliability, 
so they were modified. According to Menor and Roth (2007), the simplicity of this 
measure does not require an established standard for determining adequate percentages of 
agreement. We believe that a 70 percent hit rate creates adequate initial validity and 
reliability.  
The revised items were then pre-tested individually with 3 health educators and 
10 diabetic patients. For this pre-test, the items were compiled to create a preliminary 
survey instrument. For this pre-pilot study, respondents individually completed the 
survey following a think-aloud protocol so that the researcher was able to record their 
thoughts and emotions. These notes were subsequently used to modify the items and 
construct the survey. These interviews and notes revealed two important problems. First, 
the reading level was too high for the potential respondents, far above the fifth-grade 
reading level suggested by health literacy literature. Second, the length of the survey was 
too long, and as a result, the respondents lost focus and concentration. To overcome these 
problems, one researcher attended to a workshop in health literacy earning a certification 
in preparing documents for patients and one Clemson faculty expert in health literacy 
helped to revise the items. As a result, the wording was revised significantly and the 




After these changes were made, undergraduate students were used for three more 
rounds of q-sorts until a 70 % hit rate for each item was achieved. We followed the same 
procedure used in the initial rounds of q-sort. Then, we did one more round of pre-tests 
were conducted; this time we interviewed 5 patients and an educator individually. These 
interview revealed that the reading level and the number of the items were appropriate, 
and the item revisions were minor. 
 
3.4.2.4. Questionnaire development 
The fourth step was the construction of the survey which consisted of 135 
questions, 104 of which were perceptual items for measuring constructs used in the 
research model, 9 were objective measures of customer ability and 22 are control 
measures. The 104 perceptual items were randomized and asked in the first section of the 
survey to measure the patients’ subjective opinions about training and education. They 
specifically addressed teaching the tasks of meal planning and measuring blood glucose 
level as well as the impact of training and education on patient outcomes. Among these 
104 perceptual items, 52 were used in this study (the remaining 52 were analyzed in other 
research articles). In the initial survey construction, these perceptual items were measured 
using a 5-point agree-disagree Likert scale.   
In the second part of the survey, a total of 9 objective measures of customer 
ability tested the patients’ actual knowledge about meal planning and measuring blood 
glucose level. The meal planning was tested with 5 questions, while measuring the blood 
glucose level was tested with 4 questions. There was one more meal planning question 
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because that skill is considered to be more difficult for patients to learn. These measures 
were multiple choice questions, the respondents marking their responses from 5 choices. 
The first three meal planning questions were developed based on Pfizer’s Newest Vital 
Sign (pfizerhealthliteracy.com), and the remaining 6 measures were based on reading 
materials that the chief educators of each hospital provided to the researcher. These 
measures were also improved by interviews with two of these educators.  
The final section of the survey included the 22 control measures, 17 of them were 
used in this study. These measures were developed based on healthcare literature and the 
interviews with the two educators about other factors influencing patient outcomes but 
not included in the research model. These factors included five categories: hospital 
information, patient demographics, severity of the condition, time-related factors and 
insurance/payment. The first control measure used in this study was based on the 
interviews which revealed that each hospital has unique characteristics which may 
influence learning outcome. The next 8 patient demographic measures included the 
questions frequently asked in healthcare surveys to identify patient characteristics. To 
these eight questions, the question “who prepares the meals in your household” was 
added. This question evolved during our interviews with a patient, who indicated that the 
task of meal planning was very easy for him, unlike for other patients with diabetes, 
because his wife did that for him. Two severity of condition questions were asked 
because patients with more serious problems may have a higher motivation to manage 
their health conditions. These questions were decided based on the interviews with the 
educators. Three time-related control measures were used in this study because patients 
 
149 
who had longer diabetes-related experiences were more likely to achieve a higher level of 
learning outcomes. Finally, two insurance and payment related questions were used to 
determine if patients who paid their educational costs were more likely to take these 
programs seriously. These control measures provided a range of 2 to 5 choices. 
Since this survey were relatively long and involved collecting medical and 
personal information, respondents may hesitate to complete it; thus, the cover letter and 
instructions were particularly important. In this letter, we clarified the benefits of our 
research for the patients and the community as well as developed trust by acknowledging 
the involvement of hospitals and Clemson University in it. In addition, instructions 
beginning each section provided clear information to the respondents about its content.   
After the survey was constructed, it was pilot-tested three times to ensure validity 
and reliability. For first pilot study (see Pilot Survey 1 in Appendix D) we distributed the 
survey to the 27 diabetic patients of the Abbeville Area Medical Center (AAMC) because 
it is located in close proximity to other hospitals serving populations with similar 
characteristics. SPSS version 19 was used for two types of analysis, descriptive statistics 
and bivariate correlations. After this pilot, the revisions for the objective measures of 
patient ability and control measure were minor wording issues. However, this initial 
survey analysis showed the perceptual items had three major problems: ceiling effect, 
discriminant validity and missing data. To address these problems, the following changes 
were made. To reduce the ceiling effect, we added adverbs making items more extreme. 
To reduce the missing data, the perceptual item section was subdivided into 2 
subsections, each guided by clear instructions. In addition, we used common question 
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stems to reduce repetitions and reduce the time needed to complete the survey. To 
improve discriminant validity, several items were reverse-coded, and several others were 
written in bold and italic font to emphasize differences among them; in addition, instead 
of a 5-point Likert scale, a 7-point one was used to increase the variability in the 
responses. Finally, similar items were eliminated or revised.   
For the second pilot study, 120 surveys were collected from patients throughout 
the U.S. through zoomerang.com. In addition to the descriptive statistics and bivariate 
correlations analysis, we conducted an exploratory factor analysis to better identify 
possible construct validity problems. The second pilot revealed minor discriminant 
validity problems in perceptual items. As a result, minor revisions to the wording of these 
items were made. No significant revisions were made on the objective and control 
measures.  
For the third pilot, 110 surveys were collected from patients throughout the US 
using zoomerang.com. Again using SPSS version 19, the same set of analyses, 
descriptive statistics, bivariate correlations and exploratory factor analysis, were 
conducted. However, this time no changes in the questions were needed as the results 
were satisfactory. Only very minor changes in the design of the survey were done (see 
Final Survey in Appendix E).  Table 3.3 shows the final set of items used to test the 
model proposed here, the objective measures of patient knowledge and the control 




Table 3.3: Final operational definitions and set of items used in this study 
PERCEPTUAL ITEMS 
Role education: Educational practices which communicate service responsibilities to patients. 
Code Items Source 
RE-B-1 
My health educators very much emphasized that tracking my blood-glucose 
levels was a key responsibility for me.  
Bitner et al. 
(2002) and 
Meuter et al. 
(2005)    
RE-B-2 
My health educators many times explained that measuring my blood-glucose 
level was primarily my responsibility. 
RE-B-3 
My health educators frequently stressed that using my glucose meter was an 
important personal responsibility. 
RE-M-1 
My health educators very much emphasized that planning what to eat during 
the day was a key responsibility for me.  
RE-M-2 
My health educators many times explained that planning what carbohydrates 
to eat was primarily my responsibility. 
RE-M-3 
My health educators frequently stressed that planning my meals was an 
important personal responsibility. 
 
Customer role clarity: Patient’s personal acceptance of important responsibilities. 
PR-B-1 
Compared to before I had diabetes education, I now… 
…am more accepting that it is my responsibility to track my blood-glucose 
levels. 
Bitner et al. 
(2002) and 
Meuter et al. 
(2005)    
PR-B-2 
…am more accepting that it is my responsibility to measure my blood 
glucose-level. 
PR-B-3 …am more accepting that it is my responsibility to use my glucose meter. 
PR-M-1 
…am more accepting that it is my responsibility to plan what to eat during 
the day. 
PR-M-2 
…am more accepting that it is my responsibility to plan what carbohydrates 
to eat. 
PR-M-3 …am more accepting that it is my responsibility to plan my meals. 
 
Skill training: Training practices allow patients to practice these required skills.   
ST-B-1 
My health educators gave me hands-on training in tracking my blood-glucose 
levels.   
Bitner et al. 
(2002) and 
Meuter et al. 
(2005)    
ST-B-2 
My health educators gave me hands-on training in measuring my blood-
glucose level. 
ST-B-3 My health educators gave me hands-on training in using my glucose meter. 
ST-M-1 
My health educators gave me hands-on training in planning what to eat during 
the day. 
ST-M-2 
My health educators gave me hands-on training in planning what 
carbohydrates to eat. 




Customer ability: Patient’s knowledge and skills about the task. 
PK-B-1 
Compared to before I had diabetes education, I now… 
…better understand how to track my blood-glucose levels. 
Bitner et al. 
(2002) and 
Meuter et al. 
(2005)    
PK-B-2 …better understand how to measure my blood-glucose level. 
PK-B-3 …better understand how to use my glucose meter. 
PK-M-1 …better understand how to plan what to eat during the day. 
PK-M-2 …better understand how to plan what carbohydrates to eat. 
PK-M-3 …better understand how to plan my meals. 
 
Consequence education: Educational practices which communicate the benefits of performing required 
service tasks. 
BE-B-1 
My health educators taught me the benefits of tracking my blood-glucose 
levels.   
Bitner et al. 
(2002) and 
Meuter et al. 
(2005)    
BE-B-2 
My health educators taught me the benefits of measuring my blood-glucose 
level. 
BE-B-3 My health educators taught me the benefits of using my glucose-meter. 
BE-M-1 
My health educators taught me the benefits of planning what to eat during the 
day. 
BE-M-2 
My health educators taught me the benefits of planning what carbohydrates to 
eat. 
BE-M-3 My health educators taught me the benefits of planning my meals. 
 
Customer motivation: Patient’s willingness to perform task. 
PMo-B-1 
Compared to before I had diabetes education, I now… 
…am more motivated to track my blood-glucose levels. 
Bitner et al. 
(2002) and 
Meuter et al. 
(2005)    
PMo-B-2 …am more motivated to use my glucose meter.   
PMo-B-3 …am more motivated to measure my blood glucose-level. 
PMo-M-1 …am more motivated to plan what to eat during the day. 
PMo-M-2 …am more motivated to plan what carbohydrates to eat.   
PMo-M-3 …am more motivated to plan my meals. 
 
Customer behavior: Patient’s improved effective task performance. 
PB-B-1 
Compared to before I had diabetes education, I now… 
…track my blood-glucose levels exactly as my health providers 
recommend. 
Meuter et al. 






…measure my blood-glucose level exactly as my health providers 
recommend. 
PB-B-3 …use my glucose meter exactly as my health providers recommend. 
PB-M-1 
…plan what to eat during the day exactly as my health providers 
recommend. 
PB-M-2 
…plan what carbohydrates to eat exactly as my health providers 
recommend. 




Health expenses: Patient’s number of visits to hospitals and other health costs. 
O-4 
Compared to before I had diabetes education, I now… 
…have fewer doctor expenses.  
 
O-5 …have fewer hospital expenses. 
O-6 …have fewer emergency room expenses. 
O-8 ...have fewer hospital visits. 
O-9 ...have fewer doctor visits. 
O-10 ...have fewer emergency room visits. 
 
Health condition: Patient's current state of health. 
O-1 
Compared to before I had diabetes education, I now… 
…have more energy. 
 O-2 …feel better. 
O-3 …have a better blood glucose level. 
O-7 …have better A1C level. 
 
OBJECTIVE MESURES OF CUSTOMER ABILITY 
PKOM-1 
Please look at the Nutrition Facts found on a can of chili with beans on the 
right and answer the following questions. 
How many grams of total carbohydrate do you get if you eat one cup of 
chili with beans? 
Pfizer’s 
Newest 
Vital Sign  PKOM-2 
How many servings of chili and beans do you get when you eat the entire 
can?  
PKOM-3 How many grams of sugar do you get when you eat half of the can? 
PKOM-4 




The following five figures show plates with servings of carbohydrates (carbs), 
vegetables (veggies) and meat. Which one is recommended by your health 
educators? 
PKOB-1 
Which of the following would be the most ideal blood-glucose/sugar level, 
when you wake up? 
PKOB-2 Which of the following would be the most ideal A1C level? 
PKOB-3 
Which of the following body part would be the most ideal to get blood to 
measure your glucose/sugar level? 
PKOB-4 






D5 When did you first attend a diabetes education class? 
D6 When did you last attend a diabetes education class? 





C2 What type of insurance do you use? (check all that apply) 
C3 How much did you personally pay for all of your diabetes education? 
 
Patient demographics 
C4 How old are you?  
C5 What is your race? 
C6 What is your sex? 
C7 Are you married? 
C8 How many people live in your household including yourself?  
C9 Who prepares the meals in your household? 
C13 What is your educational level? 
C14 What is your household yearly income? 
C15 What is your employment status? 
 
Severity of the condition 
C10 
Before your diabetes education, how frequently did your blood glucose level 
go above or below suggested limits? 
C11 What is the highest blood glucose level you have ever had? 
C12 




3.4.2.5. Survey data collection 
The fifth step was the survey implementation and data collection (see Final 
Survey in Appendix E). Surveys were mailed to patients including a return pre-paid 
envelope, one dollar and a hand-written thank-you note from the educator; the dollar was 
not included in the surveys mailed to the 1000 patients of GHS for budgetary reasons. 

















































2000 664 129 (19%) 78 (60%) 72% 75% 65% 
AnMed 
Health (AH) 










400 400 58 (14%) 41 (71%) 69% 89% 78% 
Easley 
Baptist (EB) 





160 100 14 (14%) 9 (64%) 85% 92% 92% 





67% 83% 79% 
 
While the total number of patients served in these seven hospitals was 
approximately 6560 in 2009 and 2010, we sent the surveys to their 3198 patients in 
March, April and May of 2011. The selection was primarily based on the availability of 
patient address information. To protect patient confidentiality, the educators did not share 
patient information with the researchers, so they prepared the envelopes and sent the 
surveys to their patients. The time required for the educators was also a factor in the 
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decision not to send surveys to all the patients of a particular hospital. For example, the 
educators at GHS, which served approximately 2000 patients in 2009 and 2010 and had 
information for approximately 1600 patients, were willing to send only 1000 surveys. 
A total of 518 surveys were collected, making the overall response rate 16 
percent. While the response rates were approximately 15 percent for OMC and CMH and 
20 percent for SRHS, AH, LMC and EB, it was 9 percent for the GHS patients. The low 
response rate from GHS was probably a result of not including the dollar. This significant 
response rate difference between GHS and the other hospitals may reflect a significant 
level of motivation difference between the respondents from GHS and the other hospitals. 
So its 87 patients were not included in the further analysis of the data. Without the GHS 
data, the sample size for this study was 431 and the overall response rate 20 percent. 
Since an adequate number of surveys were collected, no reminder was sent to the 
respondents. As 3.4 shows, 67 percent of the respondents were female, 83 percent white 
and 79 percent older than 45 years old. The gender, race and age statistics were 
approximately 8, 9 and 3 percent above the parameters of the population provided by the 
educators, respectively. Since educators provided estimates of the population parameters, 
the sample characteristics appear consistent with the population characteristics.   
To check late response bias, one-way ANOVA was conducted to compare the 
means of perceptual items, objective measures and continuous control measures between 
the early and late respondents, who returned the survey after two weeks. Using SPSS 19, 
we found that among 70 questions, only 2 had significantly different means, indicating 
little late response bias. These items are PB-B-2 asking about patient behavior for 
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measuring blood glucose levels and PKOM-3 measuring patient knowledge on meal 
planning. 
To further investigate these remaining 431 cases, we entered the data twice and 
then compared them to find data entry errors. For the each case, among the 135 items, 
approximately 5 data entry errors were found and corrected. We then selected the cases to 
be used for further analysis. If a case answered more than half of the items in all of the 
constructs, then it was included in the database. We found that 309 met this criterion. 
Although this data screening may be considered conservative, it allowed us to impute 
missing data more accurately leaving us with relatively large data set of 309 cases. 
The percent of missing data for each item is provided in Table A.3.3 (see 
Appendix F). As this table shows, missing data was not a problem because the percent of 
missing data was 0.6 percent and the highest missing data for an item was 2.9 percent for 
O-7.  
We imputed missing data through the Expectation-Maximization (EM) imputation 
method using EQS version 6.1. This method was preferred over mean imputation because 
it considers the relationship among variables, generating data through an iterative 
procedure using other variables to impute a value, then checking whether it is the most 
likely value. We imputed only perceptual items because at least 3 items were used to 
measure a construct. However, since for objective measures and control measures, we 
measured each construct with 1 item, we did not impute those measures.  
After imputation, univariate normality of all the items and questions was analyzed 
using SPSS version 19. We investigated the univariate normality by checking the 
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minimum, maximum, mean, median, mode and standard deviation, skewness, and 
kurtosis. In addition, we conducted Kolmogorov-Smirnov and Shapiro-Wilk normality 
tests. First we analyzed the statistics of the perceptual items as seen in Table A.3.4 (see 
Appendix G). 
These statistics revealed the following issues. The minimum and maximum values 
showed that 42 items exhibited values ranging from 1 to 7, while 10 items because 
Expectation-Maximization (EM) imputation had a maximum value over 7. The means, 
medians and modes showed that these ratings shifted towards the high-end value 7. 
Among the 52 items, 5 had a mean between 4 and 5, 35 between 5 and 6, and 12 between 
6 and 7. The item with the highest mean was PR-B1 at 6.14. In addition, 1 item had a 
median of 4, 7 items had a median of 5, 29 items has a median of 6 and 15 items had a 
median of 7. In addition, 50 items had a mode of 7. As this analysis suggests, there was a 
ceiling effect. 
The standard deviation, skewness and kurtosis values gave further insight about 
the univariate normality problem. In particular, the constructs of role education and 
patient role clarity for both measuring blood-glucose level and meal planning potentially 
exhibited problematic univariate normality because some of these items had skewness 
and kurtosis values above 3 and standard deviation values below 1.5. These problematic 
two customer readiness constructs were marked with an asterisk in the table. In addition, 
using SPSS version 19, we tested the normality of each perceptual item using 
Kolmogorov-Smirnov and Shapiro-Wilk normality tests, finding that none of the items 
were normally distributed. The univarite normality problems of these constructs may be 
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due to the social desirability that respondent do not want to rate their educator and 
themselves poorly.  
Table A.3.5 (see Appendix G) shows the descriptive statistics for the objective 
measure of customer ability. We measured customer ability through two different types 
of questions: customers’ subjective opinions and perception about their own knowledge 
on how to plan meals and measure blood glucose levels as well as through multiple 
choice questions measuring their knowledge about these two tasks.  
As this table shows, we created overall scores for each respondent on meal 
planning and measuring blood glucose, coded as PKOM and PKOB, respectively. Each 
question involved 5 options, and for each correct answer the respondent received a 
certain number of points dependent on the difficulty: difficult questions (PKOM-4 and 
PKOB-2) were 4 points, less difficult questions (PKOM-5, PKOB-1 and PKOB-4) 2 
points and easy questions (PKOM-1, PKOM-2, PKOM-3 and PKOB-2) 1 point. The 
highest possible score was 9 and while the lowest 0. Leaving the question blank or 
marking the wrong choice was recorded as a 0 for that particular question. Then, we 
summed the points to calculate the overall score for each task. As the table shows, the 
difficult questions had lower means, equivalent to a lower percentage of correct answers. 
Similar to the perceptual items, we also checked the normality of the overall scores, 
PKOM and PKOB, finding the objective measure of ability was non-normal based on the 
results from the Kolmogorov-Smirnov and Shapiro-Wilk normality test; however, the 
skewness and kurtosis values did not show any significant problems unlike the perceptual 
items of patient knowledge for measuring  blood glucose level. In addition, because of 
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the difficulty in filling out this section, the percent missing data was approximately 8.5 
percent, much higher than the missing data fonr the perceptual items.  
Similarly, we checked the descriptive statistics for the 17 control measures. Table 
A.3.6 (see Appendix G) shows the descriptive statistics for the 9 continuous and ordinal 
control measures. These continuous control measures showed that on average the patients 
with diabetes were approximately 60 years old, usually had not completed any higher 
education and had incomes below $100,000 per year. Their blood-glucose levels were 
above 200 with 120 considered the threshold for a patient to be considered as diabetic. 
Most of them were diagnosed approximately two years ago, and received their first 
diabetic education about one year ago and their last this year. Usually, these patients did 
not pay for their education, or if they did, they paid less than $100.  
In addition to descriptive statistics, we investigated the nominal and categorical 
variables, determining their frequencies and the percentages of each nominal and 
categorical variable as seen in Table A.3.7 (see Appendix G). As this table shows most 
patients were white, female, retired, married, prepared their food, and had Medicare 
insurance.  
In addition to univariate normality, we checked multivariate normality to see the 
different patterns used by the respondents to complete the survey. We checked the multi-
variate normality of the perceptual items and the objective measures of patient ability. 
We again used SPSS version 19 to calculate the Mahalanobis Distance values. Figure 3.4 
illustrates these values for the 309 cases. We did not include the control measures in this 
analysis because SPSS does not provide Mahalanobis Distance values for 140 cases as 
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each had at least one piece of data missing from their control measures. This left portion 
shows that some of the 309 case exhibited high Mahalanobis Distance values which can 
be potentially problematic, so they were deleted. Specifically, we deleted the cases for 
which the Mahalanobis Distance was above 115. We based this decision on the 6-point 
Mahalanobis Distance value difference between cases LM008 (121) and SR017 (115) 
after all the cases were ranked according to these values. This drop was approximately 5 
percent; for the rest of the cases after SR017, the Mahalanobis Distance value difference 
between two consecutive cases was approximately 1 unit.  As a result, we ended up with 




Figure 3.4: Mahalanobis Distance values for the initial dataset and final data set 
 
 
3.4.2.6. Confirmatory analysis 
After we finalized the dataset, we investigated the validity and reliability of the 
factors and items using three statistical analyses. To do so we determined bivariate 
correlations among all perceptual items, conducted a confirmatory factor analysis (CFA) 
of the perceptual items, and investigated the relationship among the objective measures 
and perceptual items of patient ability based on item correlations. 
Using SPSS version 19, bivariate correlations among the 52 perceptual items were 
calculated to gain preliminary insight about discriminant and convergent validity. To 
determine convergent validity, we investigated whether items measuring the same factor 
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are highly correlations with one another. To determine the discriminant validity, we 
investigated whether items within a factor were more highly correlated with one another 
than with an item measuring another factor. Individual correlation tables were created for 
each task measuring blood glucose level and meal planning as seen in Table A.3.8 (see 
Appendix H) and Table A.3.9 (see Appendix H), respectively. 
To show convergent validity in these two tables, the item correlations in the 
darker cells should be high, approximately 0.70, because these items reflect the same 
factor. As seen in both tables, most of the correlations in the dark cells are approximately 
0.70, supporting convergent validity.  
To show discriminant validity, the darkest cells need to have higher correlations 
than the ones on their left and below them. Both correlation tables show that there could 
be some discriminant validity issues among two groups of factors, the CTE elements 
factors shown in the up left portion of the table, and three customer readiness model 
factors and the patient effective behavior factor shown in the center. These problematic 
factors are highlighted as the lightly shaded cells. Basically for both tasks, the items for 
the CTE elements are highly correlated with the items measuring the same factors and 
with the items of other factors of CTE elements. A similar issue exists for the customer 
readiness and customer effective behavior factors. 
The second statistical analysis, CFA, is a more comprehensive method of testing 
convergent and divergent validity as well as two other validity and reliability issues, uni-
dimensionality and common method bias. Similar to the correlation analysis, we 
conducted two separate analyses, one for measuring blood glucose level and one for meal 
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planning. And for the each task, using EQS version 6.1, we ran 3 CFA models which 
include all the related perceptual items. The first CFA model was the base model, which 
included all the relevant factors and items. Based on the results of this base model, we 
modified our second CFA model by adding error covariances. To investigate common 
method bias, we ran our third model, which added a common method factor to the 
previously modified model. For all these models, we decided to use robust estimation 
because the data is non-normal. 
After we ran these three models, we checked fit indices of each model for uni-
dimensionality. To test common method bias, we conducted the Satorra-Bentler chi-
square difference method using the second model with error coveriance and the third 
model with common method factor. For discriminant validity we checked whether the 
square root of AVE is larger than the factor correlations for each model. The problematic 
factor pairs were further investigated by the Satorra-Bentler chi-square difference method 
which we compared chi-square of a model with the covariance between a factor pair set 
to one and unconstraint model. For convergent validity, we checked whether the item 
loadings are above 0.70.  
We first checked uni-dimensionality of the factors. For the base model we 
included all the perceptual items related to the task of measuring blood glucose level in 














































After these 9 iterations, the CFA showed a relatively good fit, suggesting that the 
factors can be considered uni-dimensional. The fit indices for the measurement model for 
measuring blood glucose level task are given below:  
SRMR = .072 
CFI = .902 
RMSEA = .079 
90% confidence interval of RMSEA (.064, .075) 
Independence model chi-square = 10192.836 on 465 degrees of freedom 
Chi-square = 1457.800 based on 398 degrees of freedom 
Robust independence model chi-square 5971.709 on 465 degrees of freedom 
Satorra-Bentler scaled chi-square = 940.0529 on 398 degrees of freedoms 
 
While the fit statistics were adequate, we checked the cumulative multivariate 
statistics of the model for measuring blood glucose level, the results showing that this 
initial CFA model can be improved by adding two error covariances: one between O1 
(…have more energy) and O2 (…feel better), and another between O4 (…have fewer 
doctor expenses) and O9 (...have fewer doctor visits). The first 5 steps of the cumulative 
multivariate statistics for the initial model are given below. The error coefficients for O1, 
O2, O4 and O9 are E54, E55, E58 and E60, respectively. 
 
166 
































O1 and O2 have a shared error variance because they measure the physical aspects of 
patient health, while the other two items measure more objective aspects of the patient 
health. In addition, O4 and O9 have a shared error variance because the wording of these 
items are similar; O4 asks doctor expenses and O9 asks doctor visits.  
After adding these two error covariances, the modified CFA model was run. After 
7 iterations, the fit of the CFA model improved (see the below fit statistics), the CFI 
improving from 0.902 to 0.942 and the RMSEA from 0.079 to 0.054.  We decided to use 
this modified model to test discriminant validity, convergent validity and common 
method bias.  
SRMR = .051 
CFI = .942 
RMSEA = .054 
90% confidence interval of RMSEA (.047, .060) 
Independence model chi-square = 10192.836 on 465 degrees of freedom 
Chi-square = 1121.504 based on 396degrees of freedom 
Robust independence model chi-square = 5971.709 on 465 degrees of freedom 
Satorra-Bentler scaled chi-square = 717.8244 on 396 degrees of freedom 
 
Then we tested for a significant common method bias. To investigate this issue, 
we ran our third CFA model including a common method factor and compared the fit 
indices using the Satorra-Bentler chi-square difference method. In this model we retained 
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the two error covariances. After 24 iterations, the following fit indices were achieved. 
These results showed little improvement on fit statistics; CFI improved from 0.942 to 
0.948 and RMSEA improved from 0.054 to 0.053.  
SRMR = .043 
CFI = .948 
RMSEA = .053 
90% confidence interval of RMSEA (.046, .059) 
Independence model chi-square = 10192.836 on 465 degrees of freedom 
Chi-square = 985.459 based on 365 degrees of freedom 
Robust independence model chi-square = 5971.709 on 465 degrees of freedom 
Satorra-Bentler scaled chi-square = 648.9729 on 365 degrees of freedom 
 
Then we tested the common method bias using the Satorra-Bentler chi-square 
difference method finding a significant common method bias. The statistics of Satorra-
Bentler chi-square difference method are given below. These results showed that a 
common method factor should be included in the structural model to control the method 
effect.  
INPUTS: 
Satorra-Bentler chi square for the MORE constrained model= 718 
Normal chi square for the MORE constrained model= 1122 
Degrees of freedom for the MORE constrained model= 396 
Satorra-Bentler chi square for the LESS constrained model= 649 
Normal chi square for the LESS constrained model= 985 
Degrees of freedom for the LESS constrained model= 365 
OUTPUTS: 
Satorra-Bentler Scaled Difference = 65.4883  df = 31 
Chi Square probability = 0.000290 
 
Then, we investigated the discriminant validity of the factors and their items by 
comparing the square-root of AVE with the factor correlations. Based on the second CFA 
model with two error covariances, we developed Table 3.5 illustrating the discriminant 
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validity issues. This table shows the R-square, which is equal to the square of item 
loadings; AVE, the averages of the R-squares; the square-root of AVE; and the factor 
correlations for the CFA of the initial model. To support discriminant validity, the 
square-root of AVE given in the dark cells on the right diagonal of the table should be 
larger than the factor correlations in white cells below them.  
This table shows the factor pair of patient role clarity (PR) and patient ability 
(PK) may exhibit problematic discriminant validity. In addition, when we ran this model 
without error co-variances, the conclusion remained the same. When we ran this model 
including a common method factor, we found that in addition to the PR-PK pair, the 
patient role clarity (PR) and patient motivation (PMo), skill training (ST) and benefit 
education (BE), and patient motivation (PMo) and patient behavior (PB) pairs may have 




Table 3.5: Discriminant validity of the modified CFA model for the task of measuring 
blood glucose level 
Note: Diagonal is the square root of AVE and body of the table is factor correlations 































































































0.73 0.13 0.13 0.15 0.40 0.48 0.40 0.37 0.52 0.86 
* + error covariance between items  
 
 
We tested the discriminant validity of these four problematic factor pairs using the 
Satorra-Bentler chi-square comparison test. In this test we compared two models. The 
first model sets the covariance between the problematic factor pair to 1 and the second 
model sets the coveraince free. Then, we compared these two models by the Satorra-
Bentler chi-square comparison test. We used the CFA model with error covariances as 
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the model of comparison; this model had a Satorra-Bentler chi square of 718, a normal 
chi square of 1122 and 396 degrees of freedom. The significant chi-square showed that 
the pairs, PR-PK and PMo-PB, exhibited discriminant validity because the Satorra-
Bentler Scaled Difference for PR-PK being 29.4232 (df = 1) and the Satorra-Bentler 
Scaled Difference for PMo-PB being 35.1278 (df = 1). However, we did not arrive at the 
same conclusion for the other two pairs since the Satorra-Bentler chi-square comparison 
test resulted in a negative value.  
As the Satorra-Bentler chi-square difference between two compared models gets 
higher, the resultant significant test, the Santorra-Bentler Scaled Deference, gets higher. 
However, after a certain Satorra-Bentler chi-square difference, the Santorra-Bentler 
Scaled Deference results in a negative value one that gradually approaches to zero. The 
relationship between the Satorra-Bentler chi square difference and the resultant Santorra-
Bentler Scaled Deference is illustrated in Figure 3.5. This figure suggests that a negative 
Santorra-Bentler Scaled Deference implied a large difference between these two models. 
For example, for the pair of PR-B vs PMo-B, the Satorra-Bentler chi square for the 
MORE constrained model (model with covariance is set to 1) was 828, while the Satorra-
Bentler chi square for the LESS constrained model was 718. The test gave a Santorra-
Bentler Scaled Deference of negative 51; however, if we reduce the difference between 
these two models by reducing the Satorra-Bentler chi square for the MORE constrained 
model from 828 to 823, the Santorra-Bentler Scaled Deference becomes a positive 290, 




Figure 3.5: Relationship between Satorra-Bentler chi square difference and the resultant 




The last aspect of the CFA analysis was the convergent validity for the items 
measuring blood glucose level. Table 3.6 shows the loadings of items compiled from the 
three CFA models: the initial CFA, CFA with error covariance and CFA with method 
factor. Item loadings should be over 0.70 to support convergent validity. The CFA model 
with error covariance did not have any item with convergent validity problem. The table 
below table also shows that impact of the common method bias factor on item loadings. 
The method effect is high for the CTE elements items; and it is moderate for the customer 
readiness factors. However, for all items the loadings of the method factor is consistently 
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lower than the trait factor. Most of the loadings of the trait factors are above 0.70, only 4 
items having loadings less than 0.70.   
 
Table 3.6: Convergent validity of the items for measuring blood glucose level. 
 
Loadings of the 
initial CFA 
Loadings of the 
CFA with error 
covariance 
Loadings of the 





RE-B1 0.96 0.96 0.71 0.63 
RE-B2 0.72 0.72 0.60 0.40 
RE-B3 0.90 0.90 0.70 0.57 
ST-B1 0.91 0.91 0.77 0.49 
ST-B2 0.88 0.88 0.87 0.25 
ST-B3 0.84 0.84 0.89 0.13 
BE-B1 0.86 0.86 0.57 0.65 
BE-B2 0.95 0.95 0.72 0.63 
BE-B3 0.87 0.88 0.79 0.44 
PR-B1 0.87 0.87 0.74 0.45 
PR-B2 0.94 0.94 0.87 0.37 
PR-B3 0.91 0.91 0.81 0.42 
PK-B1 0.88 0.88 0.75 0.45 
PK-B2 0.76 0.75 0.67 0.34 
PK-B3 0.92 0.92 0.89 0.31 
PMoB1 0.92 0.92 0.78 0.50 
PMoB2 0.93 0.93 0.82 0.45 
PMoB3 0.91 0.91 0.78 0.46 
PB-B1 0.95 0.95 0.91 0.31 
PB-B2 0.92 0.92 0.84 0.38 
PB-B3 0.84 0.84 0.76 0.35 
O1* 0.95 0.70 0.66 0.23 
O2* 0.98 0.74 0.71 0.22 
O3 0.70 0.91 0.82 0.38 
O7 0.63 0.83 0.79 0.26 
O4+ 0.83 0.80 0.78 0.22 
O5 0.86 0.86 0.84 0.23 
O6 0.72 0.73 0.71 0.14 
O8 0.96 0.96 0.96 0.10 
O9+ 0.83 0.80 0.79 0.18 
O10 0.95 0.96 0.95 0.12 




After we completed the CFA for the task of measuring blood glucose level, we 
conducted same set of CFA analyses for the items and factors related to meal planning. 
First we investigated the uni-dimensionality by checking the fit of the CFA model using 
EQS version 6.1. To investigate the base model, all the perceptual items related to this 
task were included in the model. Because the data were highly non-normal, we did a 
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After these 9 iterations, the CFA showed a relatively good fit, suggesting that the 
factors can be considered uni-dimensional. The fit indices for the measurement model for 
measuring blood glucose level task are given below:  
SRMR = .069 
CFI = .913 
RMSEA = .069 
90% confidence interval of RMSEA (.064, .075) 
Independence model chi-square = 10581.885 on 465 degrees of freedom 
Chi-square = 1516.976 based on 398 degrees of freedom 
Robust independence model chi-square 6646.677 on 465 degrees of freedom 




Similar to the base model for the task of measuring blood glucose, the cumulative 
multivariate statistics for this base model showed that this initial CFA model can be 
improved by adding the same two error covariances, one between O1 (…have more 
energy) and O2 (…feel better), and another between O4 (…have fewer doctor expenses) 
and O9 (...have fewer doctor visits). The first 5 steps of the cumulative multivariate 
statistics of the initial model are given below. The error coefficients for O1, O2, O4 and 
O9 are E54, E55, E58 and E62, respectively. 
































After adding these two error covariances, the CFA model was run again. After 7 
iterations, the fit of the CFA model improved, CFI improving from 0.913 to 0.945 and 
RMSEA from 0.069 to 0.055.   
SRMR = .053 
CFI = .945 
RMSEA = 055 
90% confidence interval of RMSEA (.049, .061) 
Independence model chi-square = 10581.885 on 465 degrees of freedom 
Chi-square = 1199.555 based on 396 degrees of freedom 
Robust independence model chi-square = 6646.677 on 465 degrees of freedom 
Satorra-Bentler scaled chi-square = 733.8297 on 396 degrees of freedom 
 
We then tested whether there was a significant common method bias by running 
the CFA model with a method factor and comparing the fit indices using the Satorra-
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Bentler chi-square difference. In this model we kept the two error covariances. After 15 
iterations, the following fit indices for the CFA model with method factor were achieved. 
These results show little improvement with the CFI and RMSEA, improving from 0.945 
to 0.962 and from 0.055 to 0.048, respectively.  
SRMR = .042 
CFI = .962 
RMSEA = .048 
90% confidence interval of RMSEA (.040, .054) 
Independence model chi-square = 10581.885 on 465 degrees of freedom 
Chi-square = 945.471 based on 365 degrees of freedom 
Robust independence model chi-square = 6646.677 on 465 degrees of freedom 
Satorra-Bentler scaled chi-square = 596.9481 on 365 degrees of freedom 
 
Then, we tested the common method bias using the Satorra-Bentler chi-square 
difference method. The result indicated a significant common method bias. The statistics 
for the Satorra-Bentler chi-square difference method are given below. These results 
showed that a common method factor should be included in the structural model to 
control the method effect.  
INPUTS: 
Satorra-Bentler chi square for the MORE constrained model= 734 
Normal chi square for the MORE constrained model= 1120 
Degrees of freedom for the MORE constrained model= 396 
Satorra-Bentler chi square for the LESS constrained model= 597 
Normal chi square for the LESS constrained model= 945 
Degrees of freedom for the LESS constrained model= 365 
OUTPUTS: 
Satorra-Bentler Scaled Difference = 204.8185  df = 31 
Chi Square probability = 0.000000 
 
Then, we checked the discriminant validity of the factors and their items by 
comparing the square-root of AVE with the factor correlations. Table 3.7 shows the item 
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R-square, the factor AVE, the square-root of AVE and the factor correlations for the CFA 
of the modified model. As this table shows, the factor pairs, PR-PK, PK-PMo and PMo-
PB may have lower discriminant validity because their square-root of AVE is less than 
the factor correlations. Consistently, the first CFA model, the one without error 
covariances, showed that these three pairs may have lower discriminant validity. When 
we ran this model with the common method factor, we found that in addition to these 
three pairs, role education (RE) and benefit education (BE), and skill training (ST) and 




Table 3.7: Discriminant validity of the modified CFA model for the task of meal planning 
Note: Diagonal is the square root of AVE and body of the table is factor correlations 
 
































































































0.73 0.13 0.21 0.15 0.45 0.42 0.45 0.45 0.53 0.86 
* + error covariance between items  
 
 
We conducted the Satorra-Bentler chi-square comparison test for these five 
problematic pairs. We used the CFA model with error covariances as the model for 
comparison; this model has a Satorra-Bentler chi square of 734, a normal chi square of 
1200 and 396 degrees of freedom. The significant chi-square shows that only one pair, 
ST-BE, exhibits a positive Satorra-Bentler Scaled Difference (39.0467, df = 1). However, 
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we did not reach the same conclusion for the other four pairs since the Satorra-Bentler 
chi-square comparison test resulted in negative values.  
The last aspect of the CFA analysis checked the convergent validity for the items 
for the task of meal planning. Table 3.8 shows the loading for each CFA model. Item 
loadings should be over 0.70 to support convergent validity. Based on the model with 
error covariances, all the items have loadings higher than 0.70, supporting convergent 
validity. Similar to the analysis of measuring blood glucose level, the method effect was 
high for the CTE elements and moderate for the customer readiness factors. However, for 
all items the loadings of the method factor was consistently lower than the trait factor; 
and, only 7 items have trait loading less than 0.70.  
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Table 3.8: Convergent validity of the items for meal planning 
 
Loadings of the 
initial CFA 
Loadings of the 
CFA with error 
covariance 
Loadings of the 





RE-M1 .948 .835 .803 .312 
RE-M2 .974 .876 .602 .671 
RE-M3 .698 .887 .910 .298 
ST-M1 .628 .918 .845 .442 
ST-M2 .826 .936 .643 .697 
ST-M3 .863 .869 .759 .441 
BE-M1 .721 .956 .692 .659 
BE-M2 .958 .974 .641 .741 
BE-M3 .829 .970 .702 .667 
PR-M1 .947 .824 .780 .262 
PR-M2 .836 .882 .839 .259 
PR-M3 .875 .910 .897 .197 
PK-M1 .888 .897 .866 .290 
PK-M2 .919 .771 .589 .557 
PK-M3 .936 .861 .752 .423 
PMoM1 .869 .906 .858 .303 
PMoM2 .955 .882 .841 .279 
PMoM3 .974 .829 .724 .405 
PB-M1 .970 .903 .870 .252 
PB-M2 .822 .876 .837 .262 
PB-M3 .882 .735 .645 .385 
O1* .910 .725 .683 .246 
O2* .899 .764 .719 .258 
O3 .771 .878 .845 .236 
O7 .858 .829 .809 .199 
O4+ .906 .800 .775 .239 
O5 .881 .865 .852 .151 
O6 .828 .726 .721 .086 
O8 .907 .961 .952 .126 
O9+ .870 .804 .786 .185 
O10 .737 .954 .950 .105 
* + error covariance between items  
 
After we completed the CFA, we investigated the relationship between the 
objective measures and the perceptual items of patient ability, because since we used both 
measures of patient ability in the structural model, we expect to find significant 
correlations among them. These correlations are reported in Table 3.9. These item 
correlations showed that the perceptual items are correlated to each other while objective 
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measures are correlated to one another. However, the perceptual items and the objectives 
measures were not correlated. This analysis implies that the structural models involving 
the objective and the perceptual measures may give different results.  
 
Table 3.9: Item and factor correlations of patient ability  
 PKB1 PKB2 PKB3 PKOB PKM1 PKM2 PKM3 PKOM 
PKB1 1        
PKB2 .699 1       
PKB3 .778 .700 1      
PKOB .121 .100 .062 1     
PKM1 .666 .470 .597 .088 1    
PKM2 .541 .533 .489 .056 .705 1   
PKM3 .586 .591 .530 .168 .789 .741 1  




Our analysis focused on investigating the impact of control measures on the two 
dependent variables and running the structural models to test the hypotheses. We 
searched for the effective control measures in predicting performance, adding only those 
into the structural model. Since in structural equation modeling, a case with missing data 
is skipped and since we did not impute data for the control measures, 91 cases would be 
omitted if all the control variables were included to the structural model. Thus, we 
searched for the most effective control measures. 
Table 3.10 summarizes of the results of our regression analysis for the impact of 
continuous control measures on patient health condition and expenses. As this table 
shows, for patient health condition, the time passed after the education has a significant 
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negative impact, meaning the more time passes after their education, the patient health 
condition gets worse. For patient health expenses, education, income, blood glucose level 
and first diagnosis significantly predicted health expenses. More educated patients and 
patients with higher income had more health expenses. Patients once had a high level of 
blood glucose level had less health expenses. In addition, the longer the time since the 
first diagnosis, patient expenses decreases. 
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Table 3.10: The impact of continuous control measures on performance 
 Regression statistics 
Control Measures  Patient health condition Patient health expenses 










C13 – Education 
1 - Less than high school 
2 - High school graduate 
3 - Some college 






C14 – Income 
1 - Less than $30,000 
2 - $30,000 to $60,000 
3 - $60,000 to $100,000 






C11 – Blood glucose level 
1 - Less than 200 
2 - 201 to 400 
3 - 401 to 600 






D5 – First education 
1 - Within the last 6 months          
2 - 6 to 12 months ago 
3 - 1 to 2 years ago 







D6 – Last education 
1 - Within the last 6 months          
2 - 6 to 12 months ago 
3 - 1 to 2 years ago 







C1 – First diagnosed 
1 - Within the last 6 months          
2 - 6 to 12 months ago 
3 - 1 to 2 years ago 






C3 – Cost 
1 - 0 to $50 
2 - $51 to $100 
3 - $101 to $150 







After we checked the impact of the continuous control measures, we analyzed the 
impact of categorical variables on two performance measures by comparing the means 
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using one-way ANOVA. Table 3.11 shows that people who prepare food have better 
patient condition; and minorities and people who hospitalized because of diabetes have 
less health expenses.  
 
Table 3.11: The impact of categorical control measures on performance 
 ANOVA statistics 











































As a result, among the 17 control measures, 9 were found to be significant. 
However, none of them significantly influenced both outcome measures. We found that 
from patient demographics that education, race, income and food preparation are 
significant, from seriousness of condition both blood glucose level and emergency visit 
are significant, and from time-related factors all three factors are important.  
However, among these 9, we used only 5 control factors in our structural models. 
These are: education, food preparation, blood glucose level and diagnosis time, and last 
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education time. We did not use factors that were highly related to one another and those 
that were highly skewed dichotomous factors. In addition, more factors will reduce 
parsimony while increasing the number of skipped cases in the analysis. While education 
and income were highly correlated, we chose education instead of income since many 
patients did not answer the income question.  The blood glucose level and emergency 
visit questions were related; however, we chose the blood glucose level question since the 
emergency visit question required a dichotomous answer and most people did not visit 
emergence room, meaning the data were skewed. We chose the last education question 
instead of first since they are correlated and patients are more likely to provide accurate 
answers for the former. Race was not added since this factor is highly skewed, more than 
80 percent of the sample was white, with the remaining being blacks, hispanics and 
others.  
After we decided which control measures to be used, we used structural equation 
modeling (SEM) to test the hypotheses. Similar to the earlier analysis, we ran the tests for 
the two tasks separately. In all models, the common method bias factor was included by 
setting a direct relationship from it to all items; and we kept the error covariance between 
O4 and O9, since it had the highest impact on the model. In addition, we followed the 
Byrne (2006) and Kline (2011) in setting up the SEM models. The item with the highest 
loading was set to 1 for the dependent variables and the disturbances were freely 
estimated. In addition, there was a covariance among independent variables and between 
the disturbance of health condition and expenses.  
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We first tested the main effect model for measuring blood glucose level and then 
for meal planning using EQS version 6.1. The initial EQS after 24 iterations did not 
provide a solution but showed that the disturbance of patient effective behavior was 
constrained at the lower bound. As a result, we set it to 0.01 based on Byrne (2006). This 
revised model, which is seen in Figure 3.6, provided the estimates after 12 iterations.  
 
Figure 3.6: Structural model of main effects for measuring blood glucose level 
 
 
SRMR = .043 
CFI = .938 
RMSEA = .056 
90% confidence interval of RMSEA (.049, .062) 
Independence model chi-square = 10192.836 on 465 degrees of freedom 
Chi-square = 1115.231 based on 391 degrees of freedom 
Robust independence model chi-square = 5971.709 on 465 degrees of freedom 





This SEM exhibited adequate fit: the CFA was 0.938 higher than the required 
0.90 and the RMSEA was 0.56 lower than the required 0.08. It supports hypotheses H2, 
H3, H4, H6, H7a and H7b with the common method factor included. Without the 
common method factor, the fit was not adequate, having a CFI below 0.90.   
 
Then, we tested the SEM for meal planning using this model shown in Figure 3.7.  
 




SRMR = .041 
CFI = .943 
RMSEA = .057 
90% confidence interval of RMSEA (.050, .063) 
Independence model chi-square = 10581.885 on 465 degrees of freedom 
Chi-square = 1156.855 based on 390 degrees of freedom 
Robust independence model chi-square = 6646.677 on 465degrees of freedom 




This SEM provided estimates after 31 iterations, and it exhibited adequate fit with 
a CFA of 0.943 and a RMSEA of 0.057. In addition, it supports H1, H3, H5, H6 and H7a. 
However, if the common method facto is not included, the fit was not adequate as the 
CFA was less than 0.90.  
After we have tested the main effects, we added the interaction effects to these 
models.  Similarly, we first investigated the task of measuring blood glucose level. We 
tested interaction in SEM based on the study conducted by Marsh et al. (2004). We first 
mean-centered the items used in the interaction factor. Then we paired items, for 
example, the item with the highest loading in one factor paired with an item with highest 
loading in another. Then, we used the product of the paired items to create the item for 
the interaction factor, incorporating this interaction factor with three items into the model 
shown earlier. In this model all the independent factors were mean-centered, but the 
dependent variables have a raw score. We tested each interaction factor separately, 
meaning we tested the three interaction factors of RExST, RExBE and STxBE. EQS 
provided a solution for this model with interaction factors included.  
We first tested the model, shown in Figure 3.8, with RExST included. To obtain 
an estimate, we set the disturbance of patient effective behavior to 0.01 and the starting 
value of paths RE-PR, ST-PK, RE-PK and ST-PR to 0. Two cases were deleted because 




Figure 3.8: Structural model with interaction factor (RE x ST) for measuring blood 
glucose level 
 
SRMR = .089 
CFI = .906 
RMSEA = .059 
90% confidence interval of RMSEA (.054, .065) 
Independence model chi-square = 11088.082 on 561 degrees of freedom 
Chi-square = 1456.372 based on 478 degrees of freedom 
Robust independence model chi-square = 5570.154 on 561 degrees of freedom 
Satorra-Bentler scaled chi-square = 949.6800 on 478 degrees of freedom 
 
This SEM provided estimates after 15 iterations, and it had an adequate fit with a CFA of 
0.906 and a RMSEA of 0.056. However, this fit was lower than the fit of the main effect 
model. The reason for the drop in fit values was the need for the error covariance among 
the items of the interaction factor and the main effect factors. This model supports H2, 




Next, we tested the model, seen in Figure 3. 9, with RExBE included. In this 
model to obtain an estimate we set the starting value of paths BE-PR, RE-PMo, BE-PR 
and BE-PMo to 0. The same two cases were deleted because of their high multivariate 
kurtosis. 
 




SRMR = .084 
CFI = .915 
RMSEA = .055 
90% confidence interval of RMSEA (.049, .060) 
Independence model chi-square = 11062.620 on 561 degrees of freedom 
Chi-square = 1380.954 based on 478 degrees of freedom 
Robust independence model chi-square = 5271.845 on 561 degrees of freedom 




This SEM provided estimates after 8 iterations, and it had an adequate fit with a CFA of 
0.915 and a RMSEA of 0.055. And it supports H2, H3, H4, H6, H7a and H7b.  
Then we tested the model, seen in Figure 3.10, with STxBE included. In this 
model to obtain an estimate we set the starting value of paths ST-PK, ST-PMo, BE-PK 
and BE-PMo to 0. The same two cases were deleted because of their high multivariate 
kurtosis. 
 




SRMR = .085 
CFI = .922 
RMSEA = .055 
90% confidence interval of RMSEA (.049, .061) 
Independence model chi-square = 11132.890 on 561 degrees of freedom 
Chi-square = 1359.223 based on 478 degrees of freedom 
Robust independence model chi-square = 5767.759 on 561 degrees of freedom 
Satorra-Bentler scaled chi-square 883.0301 on 478 degrees of freedom 
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This above SEM provided estimates after 11 iterations, and it has adequate fit with a CFA 
of 0.922 and a RMSEA of 0.055. And it supports H2, H4, H6, H7a, H7b and H8e.  
Since we found significant skill training and benefit education interaction, we 
calculated simple slopes based on the SEM output. We used path coefficients and factor 
variances to calculate these slopes. The following regression equations for this model 
provided the path coefficients: 
PK =  + 0.088*ST 
     .055    
    1.595    
(    .068)   
(   1.289)   
+ 0.183*BE  
      .068    
     2.692@   
 (    .091)   
 (   2.007@   
+ 0.174*STxBE  
     .045     
    3.833@    
(    .058)    
(   2.985@    
+ 1.00 D5   
 
The following factor variances were used to calculate the simple slopes. 
RE     1.011* 
    .104  
   9.702@ 
(   .193) 
(  5.249@ 
ST      1.718* 
      .189  
     9.105@ 
  (   .258) 
  (  6.671@ 
BE     0 .926* 
     .112  
    8.287@ 
 (   .205) 
 (  4.524@ 
STxBE   15.481* 
    1.628  
    9.509@ 
 (  4.500) 
 (  3.441@ 
 
So we calculated the following simple slopes: 
Simple slope for BE at mean + 1 stddev of ST = 0.183 + 0.174 x sqrt (1.718) = 0.41 
Simple slope for BE at mean of ST = 0.18 
Simple slope for BE at mean – 1 stddev of ST = 0.183 - 0.174 x sqrt (1.718) = -0.05 
 
These simple slopes show that at a high level of skill training, a one unit of 
increase in benefit education increases patient ability 0.41 units, while at a moderate level 
of skill training, a one unit increase in benefit education increases patient ability 0.18 
units, while at a low level of skill training, a one unit increase in benefit education, 
reduces patient ability 0.05, almost no significant impact.  
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Then we tested the three models for the task of meal planning, beginning with the 
one including RExST as shown in Figure 3.11. To obtain an estimate, we set the starting 
value of paths RE-PR, ST-PK, RE-PK and ST-PR to 0. No cases were deleted because 
none exhibited high multilevel kurtosis.  
 
Figure 3.11: Structural model with interaction factor (RE x ST) for meal planning 
 
SRMR = .104 
CFI = .911 
RMSEA = .061 
90% confidence interval of RMSEA (.055, .066) 
Independence model chi-square = 11523.276 on 561 degrees of freedom 
Chi-square = 1529.298 based on 477 degrees of freedom 
Robust independence model chi-square = 6103.528 on 561 degrees of freedom 
Satorra-Bentler scaled chi-square = 973.0117 on 477 degrees of freedom 
 
This above SEM provided estimates after 27 iterations and had adequate fit with a 
CFA of 0.911 and a RMSEA of 0.061. It supports H3, H5, H6, H7a and H8b.  
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Then, we calculated the simple slopes based on the SEM output, using path 
coefficients and factor variances. The following regression equations for this model 
provided the path coefficients: 
PK =  + 0.084*RE  
      .035  
     2.404@ 
 (    .041) 
 (   2.049@ 
+ 0.083*ST   
     .032   
    2.603@  
(    .038)  
(   2.187@ 
+  0.096*RExST 
      .030  
     3.186@ 
 (    .039) 
 (   2.430@ 
+ 1.00 D5   
 
In addition, the following factor variances were used: 
RE     0.794* 
    .097  
   8.214@ 
(   .196) 
(  4.063@ 
ST     1.775* 
     .190  
    9.332@ 
 (   .269) 
 (  6.611@ 
BE    1.493* 
    .141  
  10.568@ 
(   .214) 
(  6.966@ 
RExST    7.398* 
     .930  
    7.956@ 
 (  2.701) 
 (  2.739@ 
  
So we calculated the following simple slopes: 
Simple slope for RE at mean + 1 stddev of ST = 0.084 + 0.096 x sqrt (1.775) = 0.21 
Simple slope for RE at mean of ST= 0.08 
Simple slope for RE at mean – 1 stddev of ST = 0.084 - 0.096 x sqrt (1.775) = -0.04 
 
These above simple slopes show that at a high level of skill training, a one unit of 
increase in role education increases patient ability 0.21 units, while at a moderate level of 
skill training, a one unit increase in role education, increases patient ability 0.08 units, 
while at a low level of skill training, a one unit increase in role education reduces patient 
ability 0.04, indicating almost no significant impact.  
Then we tested the model, seen in Figure 3.12, with RExBE included. To obtain 
an estimate, we set the starting value of paths BE-PR, RE-PMo, BE-PR and BE-PMo to 
0.  Because of high multilevel kurtosis, 1 case was deleted.  
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Figure 3.12: Structural model with interaction factor (RE x BE) for meal planning 
 
 
SRMR = .099 
CFI = .910 
RMSEA = .060 
90% confidence interval of RMSEA (.055, .066) 
Independence model chi-square = 11593.049 on 561 degrees of freedom 
Chi-square = 1560.217 based on 477 degrees of freedom 
Robust independence model chi-square = 5977.641 on 561 degrees of freedom 
Satorra-Bentler scaled chi-square = 963.7483 on 477 degrees of freedom 
 
This above SEM provided estimates after 38 iterations, achieving adequate fit with a 
CFA of 0.910 and a RMSEA of 0.060. It supports H1, H6 and H7a.  
We then tested the model, shown in Figure 3.13, with STxBE. Similarly, the 
starting value of paths ST-PK, ST-PMo, BE-PK and BE-PMo was set to 0. One case, 
different from the preceding, was deleted because of multilevel kurtosis. However, EQS 
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did not initially provide a solution for this model. So we changed the starting values of 
the path from STxBE to PK and STxBE to PMo to 0, then the model provided a solution.  
 
Figure 3.13: Structural model with interaction factor (ST x BE) for meal planning 
 
 
SRMR = .107 
CFI = .917 
RMSEA = .060 
90% confidence interval of RMSEA (.054, .065) 
Independence model chi-square = 11908.892 on 561degrees of freedom 
Chi-square = 1528.292 based on 478 degrees of freedom 
Robust independence model chi-square = 6289.613 on 561degrees of freedom 
Satorra-Bentler scaled chi-square 953.0467 on 478 degrees of freedom 
 
This above SEM provided estimates after 20 iterations, and it exhibited adequate fit with 
a CFA of 0.917 and a RMSEA of 0.060. And it supports H1, H6, H7a, H71 and H8f.  
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Then, we calculated the simple slopes based on the SEM output using path 
coefficients and factor variances. The following regression equations for this model 
provided the path coefficients: 
PMo =  + 0.068*ST   
      .060   
     1.124   
 (    .077)  
 (    .875) 
+  0.129*BE   
     .065   
    1.981@  
(    .085)  
(   1.517) 
+ 0.095*STxBE  
     .038   
    2.504@  
(    .040)  
(   2.388@ 
+ 1.00 D5   
 
The following factor variances were used to calculate the simple slopes: 
RE      1.112 
    .128  
   8.656@ 
(   .238) 
(  4.675@ 
ST    1.536* 
    .164  
   9.339@ 
(   .235) 
(  6.524@ 
BE   1.132* 
     .103  
  11.009@ 
 (   .148) 
 (  7.648@ 
STxBE      8.983* 
      .888  
   10.115@ 
  (  2.798) 
  (  3.211@ 
 
 
We calculated the following simple slopes: 
Simple slope for BE at mean + 1 stddev of ST = 0.129 + 0.095 x sqrt (1.536) = 0.25 
Simple slope for BE at mean of ST= 0.13 
Simple slope for BE at mean – 1 stddev of ST = 0.129 - 0.095 x sqrt (1.536) = 0.01 
 
These above simple slopes show that at a high level of skill training, a one unit of 
increase in benefit education increases patient motivation 0.25 units, while at a moderate 
level of skill training, a one unit increase in benefit education increases patient motivation 
0.13 units, while at a low level of skill training, a one unit increase in benefit education 
increases patient motivation 0.01, almost no significant impact.  
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After we tested the main effect and moderation models, we tested the main effect 
models with the objective measure of patient ability. Similarly, we first investigated the 
task of measuring blood glucose level. The SEM model is seen in Figure 3.14. 
 
Figure 3.14: Structural model of main effects for measuring blood glucose level with 
objective measure of patient knowledge 
 
 
SRMR = .041 
CFI = .944 
RMSEA = .056 
90% confidence interval of RMSEA (.050, .063) 
Independence model chi-square = 9125.885 on 406 degrees of freedom 
Chi-square = 916.113 based on 338 degrees of freedom 
Robust independence model chi-square = 5815.293 on 406 degrees of freedom 
Satorra-Bentler scaled chi-square = 639.4015 on 338 degrees of freedom 
 
This above SEM provided estimates after 13 iterations with adequate fit of CFA being 
0.944 and RMSEA being 0.056. It supports H1, H2, H5, H6, H7a and H7b. 
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We then investigated the task of meal planning with the objective measure of 
patient ability. The SEM model is seen in Figure 3.15.  
 
Figure 3.15: Structural model of main effects for meal planning with objective measure 
of patient knowledge 
 
 
SRMR = .122 
CFI = .927 
RMSEA = .067 
90% confidence interval of RMSEA (.061, .074) 
Independence model chi-square = 1111.684 based on 337degrees of freedom 
Chi-square = 1259.324 based on 338 degrees of freedom 
Robust independence model chi-square = 6289.049 on 406 degrees of freedom 
Satorra-Bentler scaled chi-square = 767.6979 on 337 degrees of freedom 
 
This SEM provided estimates after 14 iterations, and it has a low SRMR of 0.122. It 
supports H1, H2, H6, H7a and H7b. However, it lead to a counter intuitive finding that 





Finally, we tested these main effect models separately with each of the 5 control 
variables included by creating a direct path from the control factor to the all dependent 
variables and creating a covariance from the control factor to the all independent 
variables. This model is shown in Figure 3.16. We first tested the impact of the control 
measures on the task of measuring blood glucose level. The findings from this analysis 
are summarized in Table 3.12.  
 





When the first control measure, the education level, was included in the structural 
model of measuring blood glucose level, after 20 iterations the model had an adequate fit 
(CFI = 0.939 and RMSEA = 0.055) and control variable has a significant negative impact 
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on patient role clarity, patient motivation and patient health expenses.  Because of 
missing data, 6 cases were deleted. In addition, with this control measure H2, H3, H4, H6 
and H7a are significant, indicating that adding education to the model makes H7b 
insignificant.  
 














H1 H2 H3 H4 H5 H6 H6 H6 
No control        + + +  + + + 
Education Neg  Neg   Neg  + + +  + +  
BGL      Pos  + + +  + +  
Last 
education 
    Neg    + +  + +  
First 
diagnosis 
     Pos   + +  + + + 
Food 
preparation 












H1 H2 H3 H4 H5 H6 H6 H6 
No control       +  +  + + +  
Education    Neg   +  +  + + +  
BGL      Pos +    + + +  
Last 
education 
Model did not converge 
First 
diagnosis 
     Pos +    + + +  
Food 
preparation 
Model did not converge 
 
 
When the second control measure, blood glucose level, is included into the 
structural model of measuring blood glucose level, EQS after 11 iterations showed that 
the model had adequate fit (CFI = 0.940 and RMSEA = 0.054) and the control variable 
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has a significant positive impact on patient health expenses variables. Because of missing 
data 7 cases were omitted. In addition, with this control measure H2, H3, H4, H6 and 
H7a are significant, showing that adding blood glucose level to the model makes H7b 
insignificant.  
When the third control measure, last education, was included in the structural 
model of measuring blood glucose level, EQS after 13 iterations showed that model has 
adequate fit (CFI = 0.940 and RMSEA = 0.054) and the control variable has a negative 
significant impact on the patient health condition. Because of missing data 9 cases were 
omitted. In addition, with this control measure H3, H4, H6 and H7a are significant, 
indicating that adding time since last education to the model makes H2 and H7b 
insignificant.  
When the fourth control measure, first diagnoses, was included into the structural 
model of measuring blood glucose level, EQS after 15 iterations showed that model has 
adequate fit (CFI = 0.939 and RMSEA = 0.054) and the control variable has a positive 
significant impact on patient health expenses. Because of missing data 6 cases were 
skipped. In addition, with this control measure H3, H4, H6, H7a and H7b are significant 
showing that adding time since first diagnosis to the model makes H2 insignificant. 
When the fifth control measure, food preparation, was included into the structural 
model of measuring blood glucose level, EQS after 13 iterations showed that model has 
adequate fit (CFI = 0.939 and RMSEA = 0.054) and the control variable no impact on 
any dependent variable. Because of missing data 1 case was skipped. In addition, with 
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this control measure H2, H3, H4, H6 and H7a are significant, showing that adding food 
preparation to the model makes H7b insignificant. 
When the first control measure, education level, is included into the structural 
model of meal planning, EQS after 19 iterations showed that the model has adequate fit 
(CFI = 0.941 and RMSEA = 0.057) and the control variable has a significant negative 
impact on patient effective behavior.  Because of missing data 6 cases were deleted. In 
addition, with this control measure H1, H3, H5, H6 and H7a are significant. So this 
shows that adding education does not change the findings.  
When the second control measure, blood glucose level, is included into the 
structural model of meal planning, EQS after 22 iterations showed that model has 
adequate fit (CFI = 0.942 and RMSEA = 0.056) and the control variable has a significant 
positive impact on patient health expenses variables. Because of missing data 7 cases 
were skipped. In addition, with this control measure H1, H5, H6 and H7a are significant. 
So this shows that adding blood glucose level to the model makes H3 insignificant.  
When the third control measure, last education, was included in the structural 
model, EQS did not provide estimates for this model after 100 iterations. Because of 
missing data 9 cases were skipped.  
When the fourth control measure, first diagnose, is included into the structural 
model of meal planning, EQS after 25 iterations showed that model has adequate fit (CFI 
= 0.940 and RMSEA = 0.057) and the control variable has a positive significant impact 
on patient health expenses. Because of missing data 6 cases were skipped. In addition, 
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with this control measure H1, H5, H6 and H7a are significant. So this shows that adding 
blood glucose level to the model makes H3 insignificant.  
When the fifth control measure, food preparation, EQS did not provide estimates 
for this model after 100 iterations. Because of missing data 1 case were skipped.  
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Table 3.13: Summary of hypotheses tests. 
Measuring blood glucose H1 H2 H3 H4 H5 H6 H7a H7b 
H8 
inter 
Main effect    
   
   
RExST interaction          
RExBE interaction 
    
     
STxBE interaction 










Blood glucose controlled  
  
   
  
 
Last education controlled 
    
     




   
Food prep controlled  
   
     
 









      H8b 
RExBE interaction 






   H8f 
Education controlled 
        
 





   
 
Last education controlled          







Food prep controlled          







The conceptual model proposed here seen in Figure 3.2 extends customer 
readiness model by adding CTE elements and a secondary outcomes. The former tests 
three main effect hypotheses, H1, H3 and H5, and six interaction effect hypotheses, H8a 
to H8f by two tasks measuring blood glucose level (BGL) and meal planning (MP). For 
BGL, our statistical analysis revealed that role education and consequence education do 
not have a significant impact on their respective customer readiness factors, role clarity 
and customer motivation; however, skill training has a significant impact on its respective 
customer readiness factor, customer ability. On the other hand, for MP, the CTE 
elements, role education and consequence education became a significant predictor of 
customer readiness. Thus, we initially considered that these findings are inconsistent for 
these two tasks. 
This anomaly of the findings led us questioning the model and search for an 
alternative explanation. Further research and analysis led to an alternative justification 
explaining the task characteristics in terms of easy vs. difficult as well as in terms of 
physical vs. cognitive. BGL is an easy, physical task which a patient can learn easily by 
practicing how to do the task. However, MP is a complicated, cognitive task for which a 
patient needs to spend more time and effort to learn as it requires primarily know-what 
and know-why type of conceptual knowledge, unlike BGL which requires know-how. 
Thus, it seems that BGL requires more training, while MP requires more educational 
practices to improve customer readiness. 
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In addition, we also tested whether the impact of the CTE elements on customer 
readiness factors is dependent on one another. Similar to the findings of the main effect 
hypotheses, these findings were inconsistent for the two tasks. For BGL, we found that 
the consequence education on patient ability is dependent on skill training. However, this 
interaction effect is not significant for the task of MP, for this task the impact of role 
education on patient ability is dependent on skill training, and the impact of consequence 
education on patient motivation is dependent on skill training.  
These findings have two primary implications. First, they show that when the task 
is cognitive and difficult, more CTE elements are needed than if task is physical and 
simple. Second, CTE elements are more effective when they are used in combination 
with some other elements. Particularly, skill training and consequence education jointly 
improve customer readiness. The concept of interaction effect has not been studied in the 
past research on customer readiness model; however, Vroom’s expectancy theory of 
motivation, from which the customer readiness model evolved, considers the interaction 
effect. 
Our conceptual model also indicates the impact of customer readiness on service 
performance. Again, the findings were inconsistent for these two tasks. For BGL, all the 
customer readiness factors, role clarity, ability and motivation, are important for changing 
customer behavior, which in turn changes the patient heath condition and health 
expenses. On the other hand, for MP, the most important and significant customer 
readiness factor in chaining customer behavior is customer motivation. In addition, 
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customer effective behavior has a significant impact on patient health condition, but not 
on health expenses.  
These findings, based on the second part of the model, also have important 
implications. When a task is simple and physical, all of these readiness elements are 
needed to change customer behavior; however, when customers think that a task is 
complicated and conceptual, motivation becomes the primary one needed. This finding is 
well supported by the interviews with the educators. In addition, one patient wrote on the 
survey that “it is ultimately up to the individual to take control of the disease. The 
information is out there, but diabetics themselves have to learn it and make individual 
decision to use it - whether from reading attending classes or from personal 
consultations.” 
Another finding is that the impact of patient effective behavior does not directly 
improve patient health expenses. This finding is supported by the data collected for MP 
and BGL. Specifically, when 4 of the 5 control variables highest BG level, last education, 
first diagnosis and food preparation are added to the structural model, the impact of 
patient behavior on patient health expenses becomes insignificant.  
So we investigated this finding further with the alternative structural model, 
shown in Figure 3.17, which included a significant direct path from health condition to 
health expenses. This model showed that customer effective behavior reduces customer 
health expenses by improving customer health condition, indicating that the impact of 
patient behavior and patient health expenses is purely mediated by patient health 
condition. This finding is significant because it shows that there may be a progression of 
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CTE effectiveness; specifically, CTE may need to improve patient readiness, which leads 
to effective behavior, which leads to an improved health condition, which leads to 
improved health expenses.  
 





This discussion does not include the models with the objective measure of patient 
ability for several reasons. The models with the objective measure of patient ability led to 
a counter-intuitive finding that skill training does not have an impact on patient ability 
and that patient ability reduces patient effective behavior. In addition, patient ability 
should have correlated with perceptual factor such as patient motivation and role clarity; 
however, it did not, perhaps because the percent missing data for this measure was 
approximately 9 percent. Some patients, while they knew the correct answer, may have 
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left the question blank, receiving 0 for it. While these objective items have some merit, 
the objective measure of patient ability has questionable validity and reliability.  
 
3.7. Chapter conclusions 
Service design research investigates how various service design choices can be 
combined to create value to customers (Roth and Menor, 2003). Adding to this research, 
customer training and education can be designed in various ways to create values to 
customers. In this study, we investigated the impact of three CTE design elements using 
the customer readiness model. The three CTE design elements communicate different 
educational content referred to here as know-what, know-how and know-why. We found 
that depending on the task characteristics, the significance of these CTE elements can be 
different. For example, for difficult conceptual tasks, all three CTE elements are needed, 
while for a simple physical task, one CTE element, particularly skill training, is adequate. 
overall, we conclude that service designers not only need to understand the requirements 
of the service task when designing the CTE design.  They also must identify whether the 
task is physical or cognitive to determine which CTE method is most effective in 
providing the required  levels of know-what, know-how and know-why to the customer. 
While this study reveals some important findings, it has the following limitations: 
(1) The construct of skill training is measured by only one dimension, the level of hands 
on experience. However, it can be measured through multiple levels such as the level of 
demonstration and lectures. (2) There was a low discriminant validity for customer role 
clarity. While this construct conceptually is different from customer motivation and 
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customer ability that difference is not clear to respondents. (3) Customer objective 
knowledge can be measured better. We designed a 9-question objective measure of 
customer ability. However, this measure had a high level of missing data. (4) The value 
of reward and probability of achieving rewards were not considered in this model, while 
the Vroom’s expectancy theory of motivation considered these as antecedents to 
customer motivation. (5) We did not investigate the interaction among customer 
readiness factors. (6) While we tested this model in one service context; it can be tested 
in other service contexts. (7) We tested this model in South Carolina; however, it can be 
tested in other hospitals in the U.S. 
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CHAPTER 4 – ESSAY 3 
 
CUSTOMER TRAINING AND EDUCATION IN SERVICE DESIGN: CUSTOMER 
CONTACT AND TRAINING EVALUATION MODEL PERSPECTIVES 
 
4.1. Introduction 
This study uses the customer contact model to evaluate how customer training and 
education (CTE) programs affect service performance. Professional services such as 
health care, financial or legal services find it important to provide extensive training and 
education to their customers to ensure their customers know how to perform essential 
service task (Damali et al. Article 1; Damali et al., Article 2). When the failure of the 
customers to perform these tasks correctly can affect service performance, services train 
and educate their customers to a greater extent than services with simpler or less critical 
tasks (e.g., restaurants, groceries or public transportation). For example, when a patient is 
diagnosed with a chronic health condition, her physician may explain the health tasks that 
the patient must perform (e.g., measuring blood pressure and following a specific diet 
plan). Since the patient may not have performed these tasks before, she may find it 
difficult to do so. Since the success of the service depends on the patient correctly co-
producing these tasks, her physician may refer this patient to a training and education 
program.  
The customer contact necessary to provide the training and education required for 
CTE can be provided in various ways. Some CTE programs develop long-term, intimate 
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relationships with their customers while some programs may not, and some programs 
may encourage peer-to-peer customer interaction while others may rely on non-contact 
methods such as written materials and/or videos. Despite the importance of CTE in some 
services, research on the appropriate contact to ensure that customers correctly perform 
their service tasks is limited.  
To address customer contact in service training and education programs, this 
paper uses the customer contact model proposed by Kellogg and Chase (1995) to identify 
significant characteristics of CTE within professional services. This customer contact 
model of Kellogg and Chase (1995) focuses on three critical dimensions: (1) the 
information richness of the media used for customer training education, (2) the level of 
intimacy or mutual sharing of information the educator should strive to achieve, and (3) 
the duration of the interactions during the training and education. For example, a patient 
with a chronic health condition may attend a health training and education program 
which uses training media involving a wide range of information richness. In this 
program she may first be exposed to written materials having low information richness, 
followed by trainer-trainee one-on-one interactions and patient-patient interactions, both 
of which have higher levels of information richness. While participating in these training 
programs, patients and educators may develop a high level of intimacy and freely share 
their personal experiences. In addition, the duration of the training and education program 
may be a single session or may extend over multiple sessions. 
The performance of a customer training and education program is evaluated using 
a model developed by Kirkpatrick (1998) designed to measure the effectiveness of 
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employee training. This method is applicable to customer training, as customers act as 
partial employees and are referred to as such in the service literature (Mills et al., 1983; 
Mills and Morris, 1986). Kirkpatrick’s (1998) model measures training outcomes in 
several areas: (1) the trainee’s emotional reaction or satisfaction with the training, (2) the 
trainee’s learning (i.e., increase in knowledge and skills), (3) the trainee’s change in 
behavior, and (4) the benefits achieved through the trainee’s performance.  
An extension of Damali et al. (Article 1) and Damali et al. (Article 2), the study 
presented here also uses data from the health care service. This is an important service to 
study for multiple reasons: 1) it requires extensive customer inmvolvement; 2) many of 
its services are difficult for customers to learn and 3) the U.S. spends more money per 
person on health care than any other nation in the world (WHO, 2009) while it lags 
behind other wealthy nations in many health measures (OECD, 2008).  
This paper is organized as follows. In Section 4.2, the literature related to 
customer training and education, Kellogg and Chase’s customer contact model (1995) 
and Kirkpatrick’s training evaluation model is reviewed. In Section 4.3, the research 
model and hypotheses are proposed. In Section 4.4, the methodology for this study is 
explained and in Section 4.5, the results are presented. In Section 4.6 we discuss the 
findings, and in Section 4.7 we explain our conclusions. 
 
4.2. Literature review 
This literature review analyses the relevant CTE literature, Kellogg and Chase’s 




4.2.1. Customer training and education (CTE) 
A CTE program includes an integrated set of training and educational practices to 
develop customer competencies or customer understanding and abilities. In the relevant 
literature (see Appendix A-3), researchers have examined the following: (1) the service 
contexts in which CTE programs are applicable, (2) the media utilized, the timing, and 
the location of training and education programs, (3) the interpersonal characteristics of 
training and education providers, and (4) the outcomes of training and education 
programs.  
 
4.2.1.1. Service context 
The service literature suggests two primary strategies for improving service 
productivity. The first advocates the need to reduce customer participation because 
customer behaviors are unpredictable and inefficient. For example, Levitt’s (1972) 
production-line approach, the original versions of the customer contact model (Chase, 
1978), and the theory of swift even flow (Schmenner, 2004) explain that service 
productivity is increased when customer participation is limited. The second strategy 
argues that if the service properly manages customer behavior, then customer 
participation can become predictable and efficient (e.g., Bateson, 2002; Frei, 2006). 
These researchers recommend that service practices include CTE to improve the 
outcomes of customer service participation.  
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This second strategy is particularly applicable and effective in those services 
which have a high level of customer contact (Lovelock and Young, 1979; Bateson 2002) 
and a high level of customer participation (Bitner et al., 1997; Halbesleben and Buckley, 
2004). For example, hospitals frequently train and educate their patients because effective 
treatment may require that patients learn how to self-manage their conditions. In addition, 
the service may vary from patient to patient and can be complicated. The literature also 
includes contextual characteristics which may necessitate CTE such as services which 
have high levels of complexity and variability (Mills and Morris, 1986; Kelley et al., 
1990; Frei, 2006), a long-term relationship (Goodwin, 1988), high customer knowledge 
requirements (Canziani, 1997; Bettencourt et al., 2002), and a high level of self-service 
(Lovelock and Young, 1976; Bitner, 2002; Zhao et al. 2008).  
 
4.2.1.2. Media utilized, timing and location of CTE programs 
Customer training and education programs can be provided using many types of 
media/method (Damali et al., Article 1). For example, CTE methods can include written 
instructions, signs, manuals, maps and billboards as well as visual and audio technologies 
(e.g., Bowen, 1986; Bitner, 2002; Damali et al., Article 1). Training and education can 
also be provided using more personal methods such as direct employee communication 
(e.g., Lovelock and Young, 1979) and peer-customer interactions (Goodwin, 1988; Kelly 
et al., 1990; Bitner et al., 1997). In addition, personal methods allow an increased level of 
customer engagement in the learning process and may be more effective than impersonal 
methods (Lovelock and Young, 1979). This increased customer engagement improves 
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understanding and retention of knowledge because it allows individuals to share 
emotions, body language and personal stories. For example, a patient with diabetes who 
learns how to manage her condition using multiple methods including impersonal media 
such as brochures, books and personal methods such as meeting with educators and other 
patients. It is expected that the patient will consider the personal methods to provide 
richer and more memorable information than the impersonal one. 
The effectiveness of training and education methods is also dependent on the 
stage of the service process when it is provided (Damali et al., Article 1). Mills and 
Morris (1986) suggest that in a complex service, CTE should continue throughout the 
service process using a variety of media. At the pre-service encounter stage, impersonal 
methods may be effective while in later encounters employee interaction can facilitate 
more effective training and education. For example, a brochure can initially provide a 
general idea about the service of diabetes education; however, richer information through 
more personal methods may be needed as the patient progresses through the training.   
The location of this more intensive CTE may be either on-site or off-site (Bowen, 
1986; Bitner et al., 1997; Bitner et al. 2002; Llopis 2006), the former being more 
frequently used in services since employees are the primary source of customer contact 
(Bowen, 1986). Off-site CTE can include meetings of customer support groups (Bitner et 
al. 1997) and seminars organized by the service firms (Llopis, 2006) as well as the 




4.2.1.3. Interpersonal relationship characteristics  
The interpersonal relational characteristics and qualities of the training and 
education program (e.g., goodwill, trust and intimacy etc.) are important (Bettencourt, 
2002). According to Lovelock and Young (1979) and Bettencourt et al. (2002), service 
managers need to understand the importance of gaining the customers' goodwill and trust 
since without those interpersonal relationship characteristics, customers are less likely to 
experience a change in their behavior. However, gaining customer trust and goodwill is 
not easy, requiring a consistent long-term strategy; according to Lovelock and Young 
(1979), state that a program should not be “switched on and off like an electric light.” 
Bettencourt et al. (2002) specifically argue that as the service becomes more complicated, 
interpersonal relationship characteristics become more important and valuable. Bitner et 
al. (1997) explained the importance of relationship characteristics from a leadership 
perspective, arguing that leaders supervising the training and education programs should 
be empathetic as they are more likely to motivate customers to continue in the programs.  
 
4.2.1.4. Outcomes of customer training and education 
Customer training and education improves the related knowledge and skills of the 
customers, in turn leading to a change in behavior, resulting in improved service 
performance (Damali et al., Article 2). These observable outcomes can be grouped at two 
levels, primary outcomes (e.g., behavioral change) and secondary outcomes (e.g., service 
quality), which, although separate, are interrelated. The primary outcomes are changes to 
customer behavior (e.g., Lovelock and Young, 1979; Bowen, 1986) or customer learning 
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(e.g., Goodwin, 1988). Customer learning is classified by some researchers as cognitive 
or behavioral (e.g., Canziani, 1997), with behavioral referring to permanent changes in 
behavior due to experience and cognitive as the inner mental activity which may or may 
not be converted to behavior (Myer 2004). In addition, research has found that CTE can 
reduce stress which can improve customer knowledge, skills and behavior (e.g., Lovelock 
any Young, 1979; Mills and Morris, 1986; Bitner et al. 1997). Primary outcomes lead to a 
wide range of secondary outcomes, specifically the benefits that organizations achieve 
through changing customer behavior, such as service productivity, efficiency, quality, 
customer satisfaction and loyalty (Bowen, 1986; Kelly et al., 1990).  
 
4.2.2. Customer contact model  
The CTE program characteristics, media, timing, location, and interpersonal 
relationship, are integrated in the customer contact model introduced by Chase (1978), 
and frequently discussed in the service design literature. The service design literature 
considers services as open systems in which customers and service providers interact in 
the front-office. In this interaction, the model assumes that the customer is the primary 
source of uncertainty, and the front-office performs a service diagnosis to absorb this 
uncertainty, sending the less-uncertain information to the back office or technical-core so 
that customer needs can be efficiently addressed. Chase and Tansik (1983) enhanced this 
model by operationalizing customer contact as the interaction time between the customer 
and the service relative to the total service creation time. Similar to Chase’s (1978) 
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original model, Chase and Tansik (1983) also considered customer participation to be 
inefficient because of its associated uncertainty.  
Wemmerlov (1990) further extended the customer contact model by incorporating 
two modes of contact in the front-office, indirect (phone or internet) and direct (face-to-
face); and Mersha (1990) further extended it by arguing that a customer’s role can be 
either active (i.e., the contact leads to customization of the service) or passive. Based on 
the participation of the customer, Mersha (1990) considered the customer as a potential 
productive resource in the service, not an inefficient element. Kellogg and Chase (1995) 
further increased the understanding of customer contact by including intimacy and media 
as two additional characteristics of customer contact. In addition, they operationalized 
customer contact using time, intimacy and media/information richness, resulting in the 
development of an empirically derived measurement model. They defined contact time as 
the duration of the customer interaction in the service, intimacy as mutual trust, and 
information richness as the value of the information that passes between the customer and 
the service provider. Soteriou and Chase (1998) subsequently related intimacy and the 
contact media used in the customer contact to the perceived service quality; and Froehle 
and Roth (2004) used Kellogg and Chase’s (1995) model to develop multi-item 
measurement scales for customer contact within technology-mediated services.  
 
4.2.3. Kirkpatrick model of development evaluation  
In 1959, Kirkpatrick (1959a, 1959b, 1959c, 1959d) published his ideas on training 
evaluation in a series of four articles in the Journal of the ASTD. In 1994, he published a 
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book explaining the entire model and in 2006, he published the third edition, which is the 
most recent one. His training evaluation model is widely accepted as evidenced by 
several meta-analysis papers (e.g., Alliger and Janak, 1989; Winfred et al., 2003) and 
textbooks (e.g., Noe, 2009; Goldstein and Ford, 2001) that consider it as the primary 
model of training evaluation.  
This training evaluation model has four stages. The first stage, reaction, measures 
the emotional response of individuals to the training program. The second stage, learning, 
measures the level of knowledge and skills attained by the trainee during the program. 
The third, behavior, measures the behavioral change by the trainee after the program, and 
the fourth stage, results, measures the benefits achieved by the organization. Overall, this 
model explains that when an individual has a positive emotional response (is satisfied) 
with the training and education program, she is more likely to acquire knowledge and 
skills which in turn increase the likelihood of changed behaviors. This change in 
behaviors should then improve the performance of the organization.  
Kirkpartick, in his 1994 book, suggests methods for measuring outcomes at each 
of the four stages. For reaction, a simple survey after the training and education program, 
for learning, a simple exam testing the knowledge of the trainee. Since measuring 
behavior and results is more complex and there can be confounding factors, he suggests 
the use of various methods. He argues that to evaluate behavior, a constant monitoring of 
the subject’s behavior may be required. To measure results, company data are required. 
In addition, it may be necessary to consider the time gaps between the training and the 
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knowledge, between the knowledge and new behavior, and between the new behavior 
and the observable results.  
The meta-analyses of this study have found support for the model (e.g., Alliger 
and Janak, 1989; Winfred et al., 2003). However, the service literature on CTE has not 
yet incorporated these insights. In the relevant service literature (see Appendix A-3), the 
relationship among customer understanding, customer behavioral change and service 
performance is supported by anecdotal evidence rather than empirical data. In addition, 
this anecdotal evidence has not yet been formally organized into a model. In addition, the 
CTE literature does not analyze customers’ initial emotional reactions to training and 
educational efforts.  
 
4.3. Research model  
The research model in Figure 1 integrates the customer contact model (Kellogg 
and Chase, 1995) with the training evaluation model (Kirkpatrick, 2006). The left side of 
the model shows the media utilized/customer training and education (CTE) method, the 
intimacy/customer trust, and the interaction time/duration of the training and education 
program adopted from the customer contact model. The right shows the four stages of the 
training and evaluation outcomes – customer satisfaction, customer knowledge, customer 
behavior and service performance – adapted from the constructs in Kirkpatirck’s training 
evaluation model of reaction, learning, behavior and results, respectively. The following 




Figure 4.1: Research model integrating customer contact and training evaluation models 
 
 
4.3.1. CTE method 
We formally define CTE methods as planned service practices which seek to 
improve customers’ service participation by increasing their understanding and ability to 
perform service tasks. Each CTE method has a different level of information richness 
(Damali et al. Article 1), which is defined as “the ability of information to change [a 
person’s] understanding within a time interval” (Daft and Lengel, 1986). For example, a 
CTE method with face-to-face communication is richer than written communication 
because it allows individuals to observe and react to emotions and body language. By 
extension, CTE based on personal methods (e.g., with employee or customer-peers) have 
a higher level of information richness than written methods of training and education, 
resulting in greater customer satisfaction because customers are more likely to feel 
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special if they receive the knowledge through personal CTE methods. For example, a 
patient learning how to count carbohydrate intake might learn more easily from an 
employee than learning the same information from written material because an employee 
can adjust the information and the pace in a way that the customer can best understand it. 
So it is hypothesized that: 
H1a:  The CTE method with a low level of information richness (e.g., 
written/impersonal methods) has a significant impact on customer satisfaction.  
H1b: The CTE method with a low level of information richness has a significant 
impact on customer knowledge.  
H1c:  The CTE method with a high level of information richness (e.g. personal 
methods) has a significant impact on customer satisfaction.  
H1d: The CTE method with a high level of information richness has a significant 
impact on customer knowledge.  
H1e: The CTE method with a higher level of information richness has a higher 
impact on customer satisfaction than CTE design with a lower level of 
information richness. 
H1f: The CTE method with a higher level of information richness has a higher 





4.3.2. Customer trust 
The concept of intimacy used in the customer contact literature was 
operationalized as trust by Kellogg and Chase (1995), with the finding that the quality of 
interpersonal relationship or the rapport between the trainee and trainer during the 
training and education program affects customer learning in services (Lovelock and 
Young, 1978; Bettencourt et al. 2002). Interviews with customer educators also found 
rapport important for satisfaction and learning. Basically, customers who feel that an 
educator takes their problem seriously and genuinely will feel satisfied and learn more. 
So it is hypothesized that: 
H2a:  Customer trust has a significant impact on CTE satisfaction. 
H2b:  Customer trust has a significant impact on customer knowledge.  
 
4.3.3. Duration 
Customer contact literature has determined that the duration of the contact is an 
important factor in improving service quality and customer satisfaction. The length of 
training and education should be adequate; too short the customer may not learn enough 
and may not be satisfied, and too long, the customer may ignore, be overwhelmed and/or 
forget the important information. So it is hypothesized that: 
H3a:  The duration of CTE has a significant impact on CTE satisfaction.  




4.3.4. Joint impact of customer contact characteristics 
While customer contact literature and service literature on CTE analyzes the 
impact of these contact characteristics on service outcomes, their combined impact on 
service performance has not been tested. For example, when there is high level of trust, 
the impact of CTE method on service performance could be higher. In addition, in many 
cases services use multiple CTE methods simultaneously. Perhaps the impact of a CTE 
method is higher when it is used in conjunction with another one. So it is hypothesized 
that: 
H4a:  The impact of a CTE method with high information richness on CTE 
satisfaction will be higher when a customer feels a higher level of trust. 
H4b:  The impact of a CTE method with high information richness on customer 
knowledge will be higher when a customer feels a higher level of trust. 
H4c:  The impact of a CTE method with low information richness on CTE 
satisfaction will be higher when a customer feels a higher level of trust. 
H4d:  The impact of a CTE method with low information richness on customer 
knowledge will be higher when a customer feels a higher level of trust. 
H4e:  The impact of a CTE method with high information richness on CTE 
satisfaction will be higher when used with a CTE method with low information 
richness.  
H4f:  The impact of a CTE method with high information richness on customer 





4.3.5. Customer satisfaction, knowledge, behavior and performance 
The literature on the training evaluation model developed by Kirkpatrick 
considered training in four stages. Initially, the success of a training and education 
program is determined by the trainee’s satisfaction with it. In our context trainees are 
customers; and as their satisfaction increases, they are more likely to gain the knowledge 
and skills required to successfully perform the service tasks, resulting in improved 
customer effective behavior, which results in improved service performance. The service 
literature examines the relationship between customer ability, customer behavior and 
service performance. However, these insights are primarily anecdotal and do not consider 
the level of customer satisfaction with the training and education program. This study 
hypothesizes that customer satisfaction and knowledge mediate the relationship between 
customer contact, customer behavior and service outcomes: 
H5a: There is a positive relationship between CTE satisfaction and customer 
knowledge. 
H5b: There is a positive relationship between customer knowledge and customer 
behavior. 





4.4. Methodology  
4.4.1. Sample 
An in-depth examination through interviews and observation of several 
professional services was conducted to determine a service context suitable for obtaining 
data on CTE, including a bank, an attorney, and two dental practices and two educational 
programs. These particular professional services were investigated because all require an 
ongoing relationship with their customers while the customers are required to perform 
tasks of varying difficulties. As these services may be ineffective if the customers lack 
the necessary skills, so each provides extensive CTE.  
From these services, the diabetes education program was selected for this study 
for several reasons. First, diabetes is an important health issue in the U.S., particularly in 
South Carolina. As a result, hospital administrators are motivated to provide effective 
training and education to improve patient and hospital outcomes. For example, 
preliminary interviews found data consistent with the literature that on average 30 percent 
of the patients in Upstate South Carolina hospitals have diabetes and approximately 12 
percent of the general population of South Carolina has diabetes (scdhec.gov). These 
diabetic patients who do not manage their condition well visit hospitals more frequently 
than other patients. However, insurance companies are reluctant to reimburse the 
hospitals for multiple visits by the same patient (diabeteseducator.org). Second, 
compared to the other professional services, hospitals more frequently train and educate 
their diabetes patients, using a wider range of educational methods, including brochures, 
videos, group classes and one-on-one personal meetings. Third, while all hospitals deliver 
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the same educational content approved by the American Diabetes Association (ADA), it 
does not dictate the training and educational methods. This portion of the service design 
is determined by the hospital, meaning there is some level of variation among them.  
Seven hospitals in South Carolina were selected, and their diabetes education 
programs were investigated for this study. Table 4.1, which lists the demographics of 
these hospitals and their diabetes education programs, was created based on multiple 
interviews with chief diabetes educators and the participation of one researcher in the 
diabetes education programs at two hospitals. The information came from 2009 and 2010. 
These seven hospitals were selected because they are located in close proximity, serving 
populations with similar characteristics while there is variability among them in terms of 
educational methods used.  
The largest hospitals with the most extensive diabetes education programs are the 
Greenville Hospital System (GHS) and the Spartanburg Regional Healthcare system 
(SRHS), each serving 1000 patients with diabetes per year. The SRHS has the highest 
number of patients, approximately 900, who complete the standard education program. 
AnMed Health (AH) and Lexington Medical Center (LMC) are medium-size hospitals, 
while Oconee Medical Center (OMC), Easley Baptist (EB) and Cannon Memorial 



























































560 1000 900 (90%) 5 2 2 1 4 
AnMed Health (AH) 430 400 300 (75%) 4 1 3 1 2.5 
Lexington Medical 
Center (LMC) 415 400 100 (25%) 2 3 4 1 2 
Oconee Medical 
Center (OMC) 125 200 150 (75%) 1.5 1 3 1 3 
Easley Baptist (EB) 105 200 160 (80%) 2 1 4 1 2 
Cannon Memorial 

































10 7 3 – 10 4 1 
AnMed Health (AH) 9 7 3 – 10 3 1 
Lexington Medical 
Center (LMC) 12 4 2 – 10 4 1 
Oconee Medical 
Center (OMC) 10 6 3 – 10 4 1 
Easley Baptist (EB) 9 4 3 – 6 4.5 0.5 
Cannon Memorial 
Hospital (CMH) 1.5 7 2 – 10 1.5 0 
 
 
All of these programs use a standard curriculum approved by the ADA, taught by 
educators certified by the National Certification Board for Diabetes Educators (NCBDE); 
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however, each program differs in the total hours offered to its patients. In general, the 
standard education programs of most hospitals are approximately 10 hours because 
Medicare and Medicaid pay for only this amount of education. The standard education 
programs are 12 hours at GHS and LMC, and AH provides 9 hours of standard education, 
with this hospital encouraging patients to attend free monthly support group meetings. 
CMH offers only 2 hours of education because it is not accredited and does not require 
insurance; however, it still follows the curriculum of the ADA.  
These programs provide education to their patient through three primary methods: 
reading materials, personal meetings and group classes taught by the certified diabetes 
educators. While all provide an extensive amount of reading materials, there is variability 
in terms of the number and the duration of personal meetings and group classes. All these 
programs offer personal meetings that usually last approximately 1 hour, with LMC using 
this method more often than the others, offering 3 personal meetings in its standard 
education program. GHS, LMC and EB use group classes more than the others, offering 
4 group classes in their standard education programs, while SRHS offers the longest 
class, which is approximately 4 hours. 
As the educators follow the curriculum accredited by the ADA, they cover similar 
topics; however, their emphasis differs. Meal planning and measuring blood-glucose 
level are the two primary topics covered in these classes, others being taking medication, 
stress management and foot checking. As expected, because meal planning is the most 
critical and difficult topic, it involves the largest time portion of the classes, 
approximately 50 percent in the standard education program. The other primary topic is 
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measuring blood-glucose levels; however, as this one is much easier than meal planning, 
educators spend approximately 1 hour on it in the standard education program.  
The average attendance and the minimum and maximum class size also differ. For 
most hospitals, the average attendance is 6 to 7 patients per class, with LMC’s average 
being the lowest, 4 patients per class. The educators mentioned that they try not to 
schedule more than 10 patients per each class session because the quality of teaching is 
affected when the number is more than that. The minimum class size is approximately 2 
or 3 patients. All hospitals, even if only one patient shows up, conduct the class; 
however, it is seldom that the number of patients drops below 3. 
While there is variability among hospitals in their standard education programs, 
this variability is even higher at the patient level, meaning each customizes its education 
to meet patient needs. For example, a non-native person with low language skills may be 
referred only to personal meetings. In addition, patients eventually decide which 
education method is appropriate for them and how much they need.  For example, while 
GHS offers 12 hours of education, a patient may choose to obtain this education only 
through reading materials, not attending any meetings or classes. In addition, while two 
patients may receive the same type of education, they may perceive the experience 
differently.  
Table 4.2 compares these hospitals based on the demographics of the patients 
attending their program. Consistently, in all these hospitals, female attendance is higher 
than male, approximately 60 percent, and most patients, 70 percent, are white and over 45 
years of age. The same demographic data were collected from patients who evaluated the 
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diabetes education programs of these hospitals. The information collected from educators 
was compared with the data collected from patients to check non-response bias ensuring 
the characteristics of the sample were consistent with the characteristics of the population 
attending the diabetes education program in the 7 hospitals investigated here 
 
Table 4.2: Demographic information of these hospitals for years 2009 and 2010 






patient 45 and 
older 
Greenville Hospital System 
(GHS) 
1000 600 (60%) 800 (80%) 700 (70%) 
Spartanburg Regional 
Healthcare System (SRHS) 
1000 600 (60%) 700 (70%) 750 (75%) 
AnMed Health (AH) 400 240 (60%) 240 (60%) 300 (75%) 
Lexington Medical Center 
(LMC) 
400 220 (55%) 300 (75%) 300 (75%) 
Oconee Medical Center 
(OMC) 
200 120 (60%) 150 (75%) 160 (80%) 
Easley Baptist (EB) 200 110 (55%) 180 (90%) 160 (80%) 
Cannon Memorial Hospital 
(CMH) 
80 50 (62.5 %) 55 (68.8%) 60 (75%) 
 
 
4.4.2. Survey development and data collection 
This study, which is part of a larger research agenda investigating how services 
train and educate their customers in order to improve service performance (Damali et al., 
Article 1; Damali et al., Article 2), focuses on how customer contact of CTE influence 
CTE outcomes. We collected data though surveys sent to adult patients with type-2 
diabetes who attended outpatient diabetes education programs provided by these seven 
hospitals in South Carolina during 2009 and 2010. These seven educational programs 
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served approximately 6560 patients during these two years, and we sent the survey to 
3198 patients in the spring of 2011.  
To increase the validity and reliability of the survey, we followed Roth et al.’s 
(2007) two-stage, “front-end” and “back-end,” scale development procedure seen in 
Figure 2, supplementing their “back-end” procedure with Dillman’s (2008) suggestions 
on survey construction and implementation. Roth et al.’s (2007) approach, which is 
similar to other widely accepted scale development methods such as those of Churchill 
(1979) and Clark and Watson (1995), was used here because it is one of the most recent 
scale development methods in the operations management field emphasizing the 








4.4.2.1. Theoretical domain and operational definitions of constructs  
The first of the 6 steps in Roth et al.’s (2007) procedure, the specification of the 
theoretical domain and operational definitions of constructs, was begun by reviewing the 
literature on CTE, the customer contact model and the training evaluation model. This 
research resulted in the ten constructs and the conceptual definitions. To provide 
operational definitions and to apply these constructs to our specific research problem, we 
conducted interviews with the educators at these seven hospitals, their patients and one 
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medical doctor specializing in endocrinology at GHS. In addition these interviews were 
supplemented by direct observations of the researcher who attended two educational 
programs, one at OMC and one at AH.  
Table A.4.1 (see Appendix B) shows the final constructs forming the domain of 
this study, their initial definitions based on literature, and the final operational definitions 
of these constructs. These interviews and observations did not significantly change the 
original definitions and explanations. We operationalized the CTE method based on 
Damali et al. (Article 1). The CTE method evolved from the information richness/media 
construct of the customer contact model, and the information richness/media construct of 
the customer contact model evolved from the media richness theory (Daft and Lengel, 
1986), which evolved from the organizational information processing theory (Galbraith, 
1974). Damali et al. (Article 1) developed three types of CTE methods which are ranked 
according to their level of information processing capacity and information richness. 
These CTE designs are defined based on the descriptions and explanations found in 
Galbraith (1974), Van de Ven et al. (1976) and Mintzberg (1979).  
The two other customer contact characteristics are trust and duration. Trust, also 
called intimacy, another construct used in the customer contact model, is defined as 
mutual confiding (Soteriou and Chase, 1998; Kellogg and Chase, 1995). Basically, trust 
represents the psychological closeness among people, and in this study trust represents 
the patient’s perception of the level of the caring relationship in the diabetes education 
program. Duration, also called communication time, another construct used in the 
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customer contact model, is defined as the total time spent in communication (Soteriou 
and Chase, 1998; Kellogg and Chase, 1995).  
The four outcome measures of the CTE methods are based on human resources 
literature on employee training. Specifically, Kirkpatrick and Kirkpatrick (2006) defined 
the four types of training outcomes as reaction, learning, behavior and results. While 
various employee training outcomes are discussed in the service literature, Kirkpatrick 
and Kirkpatrick’s (2006) explanations of training outcomes are more comprehensive and 
more frequently used in the management literature; so they are used in this study. 
According to them, the significance of the final outcome, results, is dependent on the 
service context. Based on the interviews and observations, we added the construct of 
patient health expenses and condition.  
 
4.4.2.2. Generate items 
The second step involved in survey development was generating the items. Table 
A.4.2 (see Appendix C) shows the original definitions and the initial item pool. This pool 
was developed from the same literature used to develop the definitions. For the constructs 
of the CTE methods, we used the items from Van de Ven et al. (1976) and Van de Ven 
and Ferry (1980). The items in the trust and duration constructs are based on Soteriou and 
Chase (1998) and Kellogg and Chase (1995). For the outcome constructs – CTE 
satisfaction, customer ability and customer effective behavior – we used items from 
Kirkpatrick and Kirkpatrick (2006). Since Meuter et al. (2005) developed the scale of 
customer ability in service literature, we used their items instead of Kirkpatrick and 
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Kirkpatrick’s (2006) items. In addition, in our first adapted item pool, we did not add 
CTE satisfaction since we were whether debating to include that construct.  
These modifications to these items included the following: (1) the items were 
written so that respondents and the unit of analysis were the patients; (2) the items were 
written to measure patient experience of two primary diabetes management tasks: 
measuring blood-glucose level and planning meals; (3) the service performance items – 
customer behavior, health expenses and condition – were written to be comparative 
measures of before and after training and education; and (4) items were written in 
reflective form, meaning they are the manifestation of the constructs and they appear to 
be conceptually interchangeable.  
 
4.4.2.3. Purify and pre-test items 
The third step of the procedure began with the purification of the adapted item 
pool and the construct definitions using 10 rounds of q-sort with Clemson University 
undergraduate and graduate students who matched the construct definitions with the 
items. The tentative validity and reliability of the items were determined by calculating 
the respondents’ correct hit rates. Each respondent matched 10 items with 10 constructs 
to avoid mental fatigue, with each item being matched with a construct by 7 respondents. 
The items with low hit rates, below 70 percent, indicated a lack of validity and reliability 
so they were modified. According to Menor and Roth (2007), the simplicity of this 
measure does not require an established standard for assessing adequate percentages of 
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agreement. We believe that a 70 percent hit rate creates adequate initial validity and 
reliability.  
The revised items were then pre-tested individually with 3 health educators and 
10 diabetic patients. For this pre-test, the items were compiled to create a preliminary 
survey instrument. For this pre-pilot study, respondents individually completed the 
survey following a think-aloud protocol so that the researcher was able to record their 
thoughts and emotions. These observations were subsequently used to modify the items 
and construct the survey. These interviews and notes revealed two important problems. 
First the reading level was too high for the potential respondents, far above fifth-grade 
reading level suggested by health literacy literature. Second, the length of the survey was 
too long, and as a result, the respondents lost focus and concentration. To overcome these 
problems, one researcher earned a certificate in health literacy and patient document 
preparation, and one Clemson faculty expert in health literacy helped to revise the items. 
As a result, the wording was revised significantly and the number of questions in the 
survey reduced to135, which took approximately 20 minutes for a respondent to 
complete. 
After these changes were made, undergraduate students were used for three more 
rounds of q-sorts until a 70 % hit rate for each item was achieved. We followed the same 
procedure used in the initial rounds of q-sort. Then we conducted one more round of pre-
tests; this time we interviewed 5 patients and an educator individually. These interviews 
revealing that the reading level and the number of the items were appropriate. The 




4.4.2.4. Questionnaire development 
The fourth step was the construction of the survey which consisted of 135 
questions, 104 of which were perceptual items for measuring constructs used in the 
research model, 9 objective measures of customer ability and 22 control measures. The 
104 perceptual items were randomized and asked in the first section of the survey to 
measure the patients’ subjective opinions about training and education. They specifically 
addressed teaching the tasks of meal planning and measuring blood glucose level as well 
as the impact of training and education on the patient outcomes. Among these 104 
perceptual items, 50 are used in this study (the remaining 54 are analyzed in other 
research articles). In the initial survey construction, these perceptual items were measured 
using a 5-point agree-disagree Likert scale.   
In the second part of the survey, a total of 9 objective measures of customer 
ability tested the patients’ actual knowledge about meal planning and measuring blood 
glucose level. However, these objective measures of patient knowledge are not used in 
this study.  
The final section of the survey included the 22 control measures. Among this 22 
measures, 17 of them are used as control measures this study and 2 of these measures 
used as items in the CTE duration construct. These two asked: how many diabetes 
educational sessions did you attend during the last two years and how many hours of 
diabetes education have you received in the last two years? These items were included in 
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the control measures section because in our other studies they are control measures while 
there they are used as independent variables. 
These control measures were developed based on healthcare literature and the 
interviews with the two educators about factors influencing patient outcomes not 
included in the research model. These factors included five categories: hospital 
information, patient demographics, severity of the condition, time-related factors and 
insurance/payment. The first control measure used in this study, the unique 
characteristics of hospital, was based on the interviews. The next 8 patient demographic 
measures included the frequently asked in healthcare surveys to identify patient 
characteristics. To these eight questions, the question “who prepares the meals in your 
household” was added. This question evolved during our interviews with a patient who 
indicated that the task of meal planning was very easy for him, unlike for other patients 
with diabetes, because his wife did it for him. Two severity of condition questions were 
asked because patients with more serious problems may have a higher motivation to 
manage their health condition. These questions were decided based on the interviews 
with the educators. Three time-related control measures were used in this study because 
patients who have longer diabetes-related experiences are more likely to achieve a higher 
level of learning outcomes. Finally, two insurance and payment related questions were 
used to determine if patients who pay their own educational costs are more likely to take 
these programs seriously. These control measures provided a range of 2 to 5 choices. 
Since this survey was relatively long and involved collecting medical and 
personal information, respondents might hesitate to complete it; thus, the cover letter and 
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instructions were particularly important. In this letter, we clarified the benefits of our 
research for the patients and the community as well as developed trust by acknowledging 
the involvement of hospitals and Clemson University in this study. In addition, 
instructions beginning each section provided clear information to the respondents about 
its content.   
After the survey was constructed, it was pilot tested three times to ensure validity 
and reliability. For first pilot study (see Pilot Survey 1 in Appendix D), we distributed the 
survey to the 27 diabetic patients from the Abbeville Area Medical Center (AAMC) 
because it is located in close proximity to other hospitals, serving populations with 
similar characteristics. SPSS version 19 was used for two types of analysis, descriptive 
statistics and bivariate correlations. After this pilot, the revisions for the objective 
measures of patient ability and control measure were minor wording issues. However, 
this initial survey analysis showed the perceptual items had three major problems: ceiling 
effect, discriminant validity and missing data. To address these problems, the following 
changes were made. To reduce the ceiling effect, we added adverbs making items more 
extreme. To reduce the missing data, the perceptual item section was subdivided into 2 
subsections, each guided by clear instructions. In addition, we used common question 
stems to reduce repetitions and reduce the time needed to complete the survey. To 
improve discriminant validity, several items were reverse-coded, and several others were 
written in bold and italic font to emphasize differences among them; in addition, instead 
of a 5-point Likert scale, a 7-point one was used to increase the variability in the 
responses. In addition, similar items were eliminated or revised.   
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For the second pilot study, 120 surveys were collected from patients throughout 
the U.S. through zoomerang.com. In addition to the descriptive statistics and bivariate 
correlations analysis, we conducted an exploratory factor analysis to better identify 
possible construct validity problems. The second pilot revealed minor discriminant 
validity problems in perceptual items. As a result, minor revisions to the wording of the 
items were made. No significant revisions were made to the objective and control 
measures.  
For the third pilot, 110 surveys were collected from patients throughout the US 
using zoomerang.com. Again using SPSS version 19, the same set of analyses, 
descriptive statistics, bivariate correlations and exploratory factor analysis, were 
conducted. However, this time no changes in the questions were needed as the results 
were satisfactory. Only very minor changes to the design of the survey were done (see 
Final Survey in Appendix E). Table 4.3 shows the final set of items used to test the model 
proposed here, the objective measures of patient knowledge and the control variables 




Table 4.3: Final operational definitions and sets of items used in this study 
PERCEPTUAL ITEMS 
Code Items Source 
Use of reading materials: Reading of written materials to learn how to perform the [health task]. 
RM-B-1 
I usually learned how to track my blood-glucose levels by reading printed 
materials.  









I frequently learned how to measure my blood-glucose level by reading 
printed materials. 
RM-B-3 
I often learned how to use my blood-glucose meter by reading printed 
materials. 
RM-M-1 
I usually learned how to how to plan what to eat during the day by 
reading printed materials. 
RM-M-2 
I frequently learned how to plan what carbohydrates to eat by reading 
printed materials. 
RM-M-3 I often learned how to plan my meals by reading printed materials. 
 
Use of personal meetings: Having conversations with health professionals to learn how to perform the 
[health task]. 
PM-B-1 
I usually learned how to track my blood-glucose levels in personal 
meetings. 









I frequently learned how to measure my blood-glucose level in personal 
meetings. 
PM-B-3 I often learned how to use my blood-glucose meter in personal meetings. 
PM-M-1 
I usually learned how to plan what to eat during the day in personal 
meetings. 
PM-M-2 
I frequently learned how to plan what carbohydrates to eat in personal 
meetings. 
PM-M-3 I often learned how to plan my meals in personal meetings. 
 
Use of group classes: Participating in patient group meetings to learn how to perform the [health task]. 
GC-B-1 I usually learned how to track my blood-glucose levels in group classes. 









I frequently learned how to measure my blood-glucose level in group 
classes. 
GC-B-3 I often learned how to use my blood-glucose level in group classes. 
GC-M-1 I usually learned how to plan what to eat during the day in group classes. 
GC-M-2 
I frequently learned how to plan what carbohydrates to eat in group 
classes. 




Trust: Level of the caring relationship in the education program. 






T-2 I found it a challenge to completely trust my health educator. 
T-3 I did not completely trust my health educator.  
T-4 My health educator did not seem fully concerned about me.  
 
Duration: Duration of the patient's attendance to the educational program. 
D1 









How many hours of diabetes education have you received in the last two 
years? 
 
Patient CTE satisfaction: Patient's general feelings about the training and education method used in the 
program. 
PS-B-1 
The education I received met my expectations in learning how to measure 






I felt comfortable with the methods that taught me how to measure my 
blood-glucose level. 
PS-B-3 
I was satisfied with the methods that taught me how to measure my blood-
glucose level. 
PS-M-1 
The education I received met my expectations in learning how to plan my 
meals. 
PS-M-2 I felt comfortable with the methods that taught me how to plan my meals. 
PS-M-3 I was satisfied with the methods that taught me how to plan my meals. 
 
Patient knowledge: Patient's knowledge and skills about the health tasks. 
PK-B-1 …better understand how to track my blood-glucose levels. 
Meuter et al. 





PK-B-2 …better understand how to measure my blood-glucose level. 
PK-B-3 …better understand how to use my glucose meter. 
PK-M-1 …better understand how to plan what to eat during the day. 
PK-M-2 …better understand how to plan what carbohydrates to eat. 
PK-M-3 …better understand how to plan my meals. 




Customer effective behavior: Patient’s improved effective task performance. 
PB-B-1 
Compared to before I had diabetes education, I now… 
…track my blood-glucose levels exactly as my health providers 
recommend. 
Meuter et al. 






…measure my blood-glucose level exactly as my health providers 
recommend. 
PB-B-3 …use my glucose meter exactly as my health providers recommend. 
PB-M-1 
…plan what to eat during the day exactly as my health providers 
recommend. 
PB-M-2 
…plan what carbohydrates to eat exactly as my health providers 
recommend. 
PB-M-3 …plan my meals exactly as my health providers recommend. 
 
Health expenses: Patient’s number of visits to hospitals and other health costs. 
O-4 
Compared to before I had diabetes education, I now… 
…have fewer doctor expenses.  
 
O-5 …have fewer hospital expenses. 
O-6 …have fewer emergency room expenses. 
O-8 ...have fewer hospital visits. 
O-9 ...have fewer doctor visits. 
O-10 ...have fewer emergency room visits. 
 
Health condition: Patient's current state of health. 
O-1 
Compared to before I had diabetes education, I now… 
…have more energy. 
 
O-2 …feel better. 
O-3 …have a better blood glucose level. 
O-7 …have better A1C level. 
CONTROL MEASURES 
Time-related factors  
D5 When did you first attend a diabetes education class? 
 
D6 When did you last attend a diabetes education class? 
C1 When were you first diagnosed with diabetes? 
 
Insurance/payment 
C2 What type of insurance do you use? (check all that apply) 





C4 How old are you?  
C5 What is your race? 
C6 What is your sex? 
C7 Are you married? 
C8 How many people live in your household including yourself?  
C9 Who prepares the meals in your household? 
C13 What is your educational level? 
C14 What is your household yearly income? 
C15 What is your employment status? 
 
Severity of the condition 
C10 
Before your diabetes education, how frequently did your blood glucose 
level go above or below suggested limits? 
C11 What is the highest blood glucose level you have ever had? 
C12 
Have you ever gone to the emergency room or been hospitalized because 
of your diabetes? 
 
 
4.4.2.5. Survey data collection 
The fifth step was the survey implementation and data collection (see Final 
Survey in Appendix G). Surveys were mailed to patients including a return pre-paid 
envelope, one dollar and a hand-written thank-you note from the educator; the dollar was 
not included in the surveys mailed to the 1000 patients from GHS because for budgetary 
reasons. Table 4.4 presents information about the data collection: 
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2000 664 129 (19%) 78 (60%) 72% 75% 65% 
AnMed 
Health (AH) 










400 400 58 (14%) 41 (71%) 69% 89% 78% 
Easley 
Baptist (EB) 





160 100 14 (14%) 9 (64%) 85% 92% 92% 





67% 83% 79% 
 
 
While the total number of patients served in these seven hospitals was 
approximately 6560 in 2009 and 2010, we sent surveys to 3198 patients in March, April 
and May of 2011. The selection was based on primarily the availability of patient address 
information. To protect patient confidentiality, the educators did not share patient 
information with the researchers, so they prepared the envelopes and sent the surveys to 
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their patients. The time required for the educators was also a factor in the decision not to 
send surveys to all the patients from a particular hospital. For example, the educators at 
GHS, which served approximately 2000 patients in 2009 and 2010  and has information 
for approximately 1600 patients, were willing to send only 1000 surveys. 
A total of 518 surveys were collected, making the overall response rate 16 
percent. While the response rate was approximately 15 percent for OMC and CMH and 
20 percent for SRHS, AH, LMC and EB, it was 9 percent for the GHS patients. The low 
response rate of GHS is probably a result of not including the dollar. This significant 
response rate difference between GHS and the other hospitals may reflect a significant 
level of motivation difference between the respondents from GHS and the other hospitals. 
So its 87 patients were not included in the further analysis of the data. Without the GHS 
data, the sample size for this study was 431 and the overall response rate 20 percent. 
Since an adequate number of surveys were collected, no reminder was sent to the 
respondents. As Table 6 shows, 67 percent of the respondents are female, 83 percent 
white and 79 percent older than 45 years old. The gender, race and age statistics are 
approximately 8, 9 and 3 percent above the parameters of the population provided by the 
educators, respectively. Since educators provided estimates of the population parameters, 
the sample characteristics appear consistent with the population characteristics.   
To check later response bias, one-way ANOVA was conducted to compare the 
means of the perceptual items, objective measures and continuous control measures for 
the early and late respondents. Among the 50 perceptual items, 2 items were found to 
have significantly different means: PB-B1 and PB-B2, two items of patient effective 
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behavior for blood glucose level (F-value: 3.906; p-value: 0.049; and F-value: 5.510; p-
value: 0.019). 
To further investigate the remaining 431 cases, we entered the data twice and then 
compared them to find data entry errors. For the each case, among the 135 items an 
approximately 5 data entry error was found and corrected. We then selected the cases to 
be used for further analysis. If a case answered more than half of the items in all of the 
constructs, then it was included in the database. We found that 319 met this criterion. 
Although this data screening may be considered conservative, it allowed us to impute 
missing data more accurately while still leaving us with a relatively large dataset. 
The percent of missing data for each item is provided in Appendices (see Table 
A.4.3). As this table shows, missing data was not a problem because the percent of 
missing data was 0.65 percent and the highest missing data for an item was 2.82 percent 
for O-7.  
We imputed missing data through the Expectation-Maximization (EM) imputation 
method using EQS version 6.1. This method was preferred over mean imputation because 
it considers the relationship among variables, generating data through an iterative 
procedure using other variables to impute a value, then checking whether it is the most 
likely value. We imputed only perceptual items because at least 3 items were used to 
measure a construct. However, since for objective measures and control measures we 
measured each construct with 1 item, we did not impute those measures.  
After imputation, the univarite normality of all the items and questions was 
analyzed using SPSS version 19 by checking the minimum, maximum, mean, median, 
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mode and standard deviation, skewness and kurtosis. First, we analyzed the statistics of 
the perceptual items as seen in Appendices (see Table A.4.4). 
These statistics revealed the following issues. The minimum and maximum values 
showed 45 items exhibiting values ranging from 1 to 7, while 4 items had a maximum 
value over 7 and 3 items had value below 1 because of Expectation-Maximization (EM) 
imputation. Since the trust factor was reversed-coded, its mean, median and mode were 
shifted below the midpoint of 3.5. Except for this factor, the other means, medians and 
modes were at the midpoint or shifted slightly above it. 
The standard deviation, skewness and kurtosis values provided further insight 
about the univartiate normality problem. No factor had a significantly problematic 
kurtosis and skewness because these values were between -3 and 3, and the standard 
deviation values below 1.5. Using SPSS version 19, we tested the normality of each 
perceptual item based on Kolmogorov-Smirnov and Shapiro-Wilk normality tests, 
finding that none of the items were normally distributed.  
Similarly, we checked the descriptive statistics for the 17 control measures. An 
appendix shows the descriptive statistics for the 9 continuous and ordinal control 
measures. These continuous control measures showed that on average patients with 
diabetes were approximately 55 years old, usually had not completed any higher 
education and had incomes above $100,000 per year. Their blood-glucose levels were 
above 200, with 120 being considered the threshold for a patient to be considered 
diabetic. Most of them were diagnosed approximately two years ago, received their first 
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diabetic education about one year ago and their last this year. Usually, these patients did 
not pay for their education, or if they did, they paid less than $100.  
In addition to descriptive statistics, we investigated the nominal and categorical 
variables, determining their frequencies and the percentages of each nominal and 
categorical variable (See Appendices, Table A.4.5). As this table shows most patients 
were white, female, married, prepared their food, retired and had Medicare insurance.  
In addition to univariate normality, we checked multivariate normality to see the 
different patterns used by the respondents to complete the survey. We checked the 
multivariate normality of perceptual items and objective measure of patient ability. We 
again used SPSS version 19 to calculate the Mahalanobis Distance values. Figure 4.3 
illustrates these values for the 319 cases. We did not include the control measures in this 
analysis because SPSS does not provide Mahalanobis Distance values for cases with 
missing data. This right portion of the figure shows that some of the 319 cases exhibit 
high Mahalanobis Distance values which can be potentially problematic so we deleted 
those with values is above 127. We made this decision based on the approximately 5-
point Mahalanobis Distance value difference between cases LM024 (127.38) and AM081 
(122.04) after all the cases were ranked according to their Mahalanobis Distance values. 
This 5-point drop is significant since for the cases after AM081 the Mahalanobis 
Distance value difference between two consecutive cases was approximately 2 points or 




Figure 4.3: Mahalanobis Distance values for the initial dataset 
 
 
4.4.2.6. Confirmatory analysis 
After we finalized the dataset, we investigated the validity and reliability of the 
factors and items using statistical analyses. First, we investigated the bivariate 
correlations among all 50 perceptual items and the two CTE duration questions, and 
second conducted a confirmatory factor analysis (CFA) of the 50 perceptual items. 
Using SPSS version 19, bivariate correlations among the 52 items were calculated 
to gain preliminary insight of their discriminant and convergent validity. To determine 
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convergent validity, we investigated whether items measuring a factor exhibited high 
correlations with one another. To determine the discriminant validity, we investigated 
whether items within a factor were more highly correlated with one another than with an 
item reflecting another factor. Individual correlation tables were created for each task 
measuring blood glucose level and meal planning in Appendices (see Table A.4.6 and 
Table A.4.7). 
 Table A.4.6 includes all 34 items for the task of measuring blood glucose level, 
and Table A.4. 7 includes all 34 items for the task of meal planning. The items of trust, 
CTE duration and service performance are common in these two groups. As these two 
tables showed, convergent validity is a potential issue for the T1 item of the trust factor 
and the CTE duration questions. The T1 correlations with other trust items were 
approximately 0.40, and the bivariate correction between the two CTE duration questions 
were approximately 0.55. However, we did not delete any items at this stage to improve 
convergent validity. 
In addition, these two correlations tables showed that discriminant validity is not 
an issue because the correlations in the darker cells are higher than the ones on their left 
and below them. These tables also show that CTE outcomes items have a moderate level 
of correlation with one another. These correlations were approximately 0.5, as shown in 
the lightly-shaded cells. These moderate levels of correlations were expected because the 
outcome items are conceptually related. For example, when patients know how to 
manage diabetes, they are more likely to show effective behavior which, in turn, can 
improve service performance. 
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The second statistical analysis, CFA, is a more comprehensive method of testing 
convergent and divergent validity as well as two other validity and reliability issues, uni-
dimensionality and common method bias. Similar to the correlation analysis, we 
conducted two separate analyses, one for measuring blood glucose level and one for meal 
planning. And for the each task, using EQS version 6.1, we ran 3 CFA models. The first 
CFA model, the base model, includes all the relevant latent factors to be used in the 
structural model. Based on the results of this base model, we modified the based CFA 
model and ran the second, modified model. To investigate common method bias, we run 
our third model, which added a common method factor to the previous modified model. 
Because the data were non-normal in all these models, we decided to use robust 
estimation.  
After we ran these three models, we checked fit indices of each model for uni-
dimensionality. For the common method bias we applied the Satorra-Bentler chi-square 
difference method between the second modified model and the third model with common 
method factor. For discriminant validity we checked whether the square root of AVE was 
larger than the factor correlations for each model. The problematic factor pairs were 
further investigated using the Satorra-Bentler chi-square difference method, comparing 
chi-square of a model with the covariance between a factor pair set to one and 
unconstrained model. For convergent validity, we checked whether the item loadings 
were above 0.70.  
We first checked the uni-dimensionality of the factors related to measuring blood 
glucose level. For the base CFA model, we included all the perceptual items related to 
 
255 
this task. One case was deleted because of high multivariate kurtosis. After these 7 
iterations, the CFA showed the following fit indices:  
SRMR = .058 
CFI = .916 
RMSEA = .060 
90% confidence interval of RMSEA (.054, .065) 
Independence model chi-square = 8223.430 on 496 degrees of freedom 
Chi-square = 1141.510 based on 428 degrees of freedom 
Robust independence model chi-square = 6117.642 on 496 degrees of freedom 
Satorra-Bentler scaled chi-square = 902.2952 on 428 degrees of freedoms 
 
While the fit indices seemed to be adequate, the cumulative multivariate statistics 
showed that this initial CFA model can be improved by adding two error covariances, 
one between O1 (…have more energy) and O2 (…feel better), and another between O4 
(…have fewer doctor expenses) and O9 (...have fewer doctor visits). Examination of the 
items shows that O1 and O2 had a shared error variance because they measure the 
physical aspects of patient health, while the other two items of the factor measure more 
objective aspects of the patient health such as O3 (…have a better blood glucose level) 
and O7 (…have better A1C level). Items O4 and O9 had a shared error variance because 
of their similar wording. In addition, consistent with the correlation analysis the item T1 
had a low loading, 0.513. So we deleted that item, meaning the trust factor became a 
three-item construct.  
After adding these two error covariances and deleting T1, the modified CFA 
model was run. Again the same case was deleted. After 6 iterations, the fit of the CFA 
model was improved, the CFI improving from 0.916 to 0.962 and the RMSEA from 
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0.060 to 0.041.  We decided to use this modified model to test discriminant validity, 
convergent validity and common method bias.  
SRMR = .051 
CFI = .962 
RMSEA = .041 
90% confidence interval of RMSEA (.034, .048) 
Independence model chi-square = 8090.850 on 465 degrees of freedom 
Chi-square = 774.400 based on 396 degrees of freedom 
Robust independence model chi-square = 5944.759 on 465 degrees of freedom 
Satorra-Bentler scaled chi-square = 604.3894 on 396 degrees of freedoms 
 
Then we tested whether there was a significant common method bias. To 
investigate this issue, we ran our third CFA model with the common method factor and 
compared the resulting fit indices using the Satorra-Bentler chi-square difference method. 
The comparison model was the modified model. Again the same case was deleted. After 
18 iterations, the following fit indices were achieved, the result showing a little 
improvement, the CFI improving from 0.962 to 0.972, and the RSMEA from 0.041 to 
0.037.  
SRMR = .036 
CFI = .972 
RMSEA = .037 
90% confidence interval of RMSEA (.029, .044) 
Independence model chi-square = 8090.850 on 465 degrees of freedom 
Chi-square = 651.552 based on 365 degrees of freedom 
Robust independence model chi-square = 5944.759 on 465 degrees of freedom 
Satorra-Bentler scaled chi-square = 517.7647 on 365 degrees of freedoms 
 
Then, we tested the common method bias using the Satorra-Bentler chi-square 
difference method, the results showing that there was a significant common method bias. 
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The statistics of Satorra-Bentler chi-square difference method, which are given below, 
show the that method factor should be included in the structural model: 
INPUTS: 
Satorra-Bentler chi square for the MORE constrained model= 604 
Normal chi square for the MORE constrained model= 774 
Degrees of freedom for the MORE constrained model= 396 
Satorra-Bentler chi square for the LESS constrained model= 518 
Normal chi square for the LESS constrained model= 652 
Degrees of freedom for the LESS constrained model= 365 
OUTPUTS: 
Satorra-Bentler Scaled Difference = 78.7324  df = 31 
Chi Square probability = 0.000005 
 
Then, we investigated the discriminant validity of the factors and their items by 
comparing the square-root of AVE and the factor correlations. Based on the second 
modified CFA model, we developed Table 4.5 to illustrate the discriminant validity 
issues. This table shows the R-square, which is equal to the square of the item loadings; 
item loadings; AVE, the averages of the R-squares; the square-root of AVE; and the 
factor correlations. To support discriminant validity, the square-root of AVE given in the 
dark cells on the right diagonal of the table should be larger than the factor correlations in 
the white cells below these dark cells. This table shows that there are no discriminant 




Table 4.5: Discriminant validity of the items for measuring blood glucose levels 
Note: Diagonal is the square root of AVE and body of the table is factor correlations 
 














































































































































0.71 0.08 0.07 0.13 -0.11 0.27 0.49 0.39 0.50 0.84 
+ error covariance between items  
 
The last aspect of the CFA analysis investigated the convergent validity for the 
items for measuring blood glucose level. We checked the loadings for that purpose. Table 
4.6 shows the loadings for each CFA model. Item loadings should be over 0.70 to support 
convergent validity. The initial CFA shows that item T1 has a convergent validity 
problem. Since we deleted that item, and the modified model does not have any items 
with convergent validity problem. The table below also shows the impact of the common 
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method bias factor on the item loadings. The method effect is high for customer health 
expenses.   
 
Table 4.6: Convergent validity of the items measuring blood glucose level. 
 
Loadings of 
the initial CFA 
Loadings of the CFA 
with error covariance 
and dropped T1 
Loadings of the CFA 




RMB1 0.84 0.83 0.83 0.10 
RMB2 0.86 0.86 0.86 0.05 
RMB3 0.74 0.74 0.74 0.05 
PMB1 0.77 0.77 0.77 0.09 
PMB2 0.91 0.91 0.91 0.01 
PMB3 0.81 0.81 0.81 -0.01 
GCB1 0.79 0.79 0.79 0.11 
GCB2 0.86 0.85 0.84 0.18 
GCB3 0.91 0.91 0.90 0.14 
T1 0.51    
T2 0.85 0.83 0.84 -0.07 
T3 0.89 0.91 0.89 -0.16 
T4 0.74 0.73 0.72 -0.10 
PSB1 0.80 0.80 0.76 0.27 
PSB2 0.86 0.86 0.81 0.27 
PSB3 0.92 0.92 0.89 0.27 
PK-B1 0.90 0.90 0.81 0.39 
PK-B2 0.82 0.82 0.77 0.31 
PK-B3 0.88 0.88 0.80 0.37 
PB-B1 0.94 0.94 0.79 0.51 
PB-B2 0.90 0.90 0.79 0.45 
PB-B3 0.83 0.83 0.66 0.50 
O1* 0.95 0.75 0.44 0.61 
O2* 0.97 0.78 0.49 0.61 
O3 0.75 0.92 0.85 0.50 
O7 0.61 0.77 0.54 0.52 
O4+ 0.78 0.75 0.08 0.84 
O5 0.83 0.83 0.42 0.71 
O6 0.72 0.72 0.46 0.56 
O8 0.96 0.97 0.50 0.82 
O9+ 0.82 0.79 0.07 0.90 
O10 0.95 0.96 0.56 0.79 




After we completed the CFA for the task of measuring blood glucose level, we 
conducted the same set of CFA analyses for the items and factors related to meal 
planning. Similarly, first we investigated the uni-dimensionality by checking the fit of the 
CFA model using EQS version 6.1. For the base model we included all the perceptual 
items related to the task of meal planning. No cases were deleted this time. After these 8 
iterations, the CFA showed the following fit indices:  
SRMR = .057 
CFI = .929 
RMSEA = .061 
90% confidence interval of RMSEA (.056, .067) 
Independence model chi-square = 9932.445 on 496 degrees of freedom 
Chi-square = 1174.761 based on 428 degrees of freedom 
Robust independence model chi-square = 7538.047 on 496 degrees of freedom 
Satorra-Bentler scaled chi-square = 925.7808 on 428 degrees of freedoms 
 
While the fit indices seem to be adequate, the cumulative multivariate statistics of 
the model  showed that this initial CFA model can be improved by adding the same two 
error covariances, one between O1 (…have more energy) and O2 (…feel better), and 
another between O4 (…have fewer doctor expenses) and O9 (...have fewer doctor visits). 
In addition, similarly T1 had a low loading, 0.507. It was deleted, making the trust factor 
a three-item construct.  
After adding these two error covariances and deleting T1, the modified CFA 
model was run. After 6 iterations, the fit of the CFA model was improved, the CFI 
improving from 0.926 to 0.964 and the RMSEA from 0.061 to 0.045.  We decided to use 
this modified model to test discriminant validity, convergent validity and common 
method bias.  
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SRMR = .051 
CFI = .964 
RMSEA = .045 
90% confidence interval of RMSEA (.038, .051) 
Independence model chi-square = 9804.245 on 465 degrees of freedom 
Chi-square = 822.614 based on 396 degrees of freedom 
Robust independence model chi-square = 7360.648 on 465 degrees of freedom 
Satorra-Bentler scaled chi-square = 643.4316 on 396 degrees of freedoms 
 
Then we tested for a significant common method bias. To investigate this issue, 
we ran our third CFA model with a common method factor and compared the fit indices 
using the Satorra-Bentler chi-square difference method. The comparison model was the 
modified model. After 22 iterations, the following fit indices were achieved, the results 
showing little improvement, the CFI improving from 0.964 to 0.971, and the RSMEA 
from 0.045 to 0.042.  
SRMR = .034 
CFI = .971 
RMSEA = .042 
90% confidence interval of RMSEA (.035, .048) 
Independence model chi-square = 9804.245 on 465 degrees of freedom 
Chi-square = 706.204 based on 365 degrees of freedom 
Robust independence model chi-square = 7360.648 on 465 degrees of freedom 
Satorra-Bentler scaled chi-square = 561.5653 on 365 degrees of freedoms 
 
Then we tested the common method bias using the Satorra-Bentler chi-square 
difference method the results showing a significant common method bias. The statistics 
for the Satorra-Bentler chi-square difference method, which are given below, shows that 




Satorra-Bentler chi square for the MORE constrained model= 643 
Normal chi square for the MORE constrained model= 823 
Degrees of freedom for the MORE constrained model= 396 
Satorra-Bentler chi square for the LESS constrained model= 562 
Normal chi square for the LESS constrained model= 706 
Degrees of freedom for the LESS constrained model= 365 
OUTPUTS: 
Satorra-Bentler Scaled Difference = 75.0431  df = 31 
Chi Square probability = 0.000016 
 
Then we investigated discriminant validity of the factors and their items by 
comparing the square-root of AVE and the factor correlations. Based on the second 
modified CFA model, we developed Table 4.7 to illustrate the discriminant validity 
issues. This table shows the R-square, which is equal to the square of item loadings; the 
item loadings; AVE, the averages of R-squares; the square-root of AVE; and the factor 
correlations. To support discriminant validity, the square-root of AVE given in the dark 
cells on the right diagonal of the table should be larger than the factor correlations in the 





Table 4.7: Discriminant validity of measuring blood glucose level items 
Note: Diagonal is the square root of AVE and body of the table is factor correlations 
 









































































































































0.70 0.07 0.11 0.15 -0.11 0.26 0.41 0.44 0.49 0.84 
+ error covariance between items  
 
The last aspect of the CFA analysis was to investigate the convergent validity for 
the items of the measuring blood glucose level. We checked the loadings for that purpose. 
Table 4.8 shows the loadings for each CFA model. Item loadings should be over 0.70 to 
support convergent validity. These loading are compiled from the three CFA models. The 
initial CFA showed that item T1 had a convergent validity problem. As explained earlier, 
after we deleted that item, the modified model did not exhibit any convergent validity 
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problems. The table below also shows the impact of the common method bias factor on 
item loadings, as this table shows, the method effect is high for customer health expenses.   
 
Table 4.8: Convergent validity of the items for meal planning. 
 
Loadings of 
the initial CFA 
Loadings of the CFA 
with error covariance 
and dropped T1 
Loadings of the CFA 




RMM1 0.87 0.87 0.83 0.10 
RMM2 0.94 0.94 0.86 0.05 
RMM3 0.95 0.95 0.74 0.05 
PMM1 0.86 0.86 0.77 0.09 
PMM2 0.91 0.91 0.91 0.01 
PMM3 0.92 0.92 0.81 -0.01 
GCM1 0.84 0.84 0.79 0.11 
GCM2 0.88 0.88 0.84 0.18 
GCM3 0.92 0.92 0.90 0.14 
T1 0.51    
T2 0.84 0.82 0.84 -0.07 
T3 0.90 0.92 0.89 -0.16 
T4 0.74 0.73 0.72 -0.10 
PSM1 0.94 0.94 0.76 0.27 
PSM2 0.97 0.97 0.81 0.27 
PSM3 0.97 0.97 0.89 0.27 
PK-M1 0.87 0.87 0.81 0.39 
PK-M2 0.82 0.82 0.77 0.31 
PK-M3 0.91 0.91 0.80 0.37 
PB-M1 0.89 0.89 0.79 0.51 
PB-M2 0.87 0.88 0.79 0.45 
PB-M3 0.78 0.77 0.66 0.50 
O1* 0.95 0.77 0.44 0.61 
O2* 0.97 0.81 0.49 0.61 
O3 0.76 0.90 0.85 0.50 
O7 0.62 0.77 0.54 0.52 
O4+ 0.76 0.74 0.08 0.84 
O5 0.83 0.83 0.42 0.71 
O6 0.72 0.72 0.46 0.56 
O8 0.96 0.97 0.50 0.82 
O9+ 0.82 0.80 0.07 0.90 
O10 0.95 0.96 0.56 0.79 





The analysis of the results section involved two aspects. The first step analyzed 
the impact of the control measures on our two dependent variables and in the second we 
run structural equation models to test the hypotheses.  
 
4.5.1. Control factors 
First, we searched for the effective control measures in predicting the 
performance, we adding only those into the structural model. In structural equation 
modeling, a case with missing data is omitted; and since we did not impute data for the 
control measures, many cases would be omitted if all the control variables were included 
in the structural model. Thus, we searched for the most effective control measures. 
We conducted regression analysis on the impact of continuous control measures 
on patient health condition and expenses. For patient health condition, the time since the 
last education has a significant negative impact, meaning that the longer the time passed 
since their education, patient health condition deteriorates. For patient health expenses, 
education, income, blood glucose level and first diagnosis significantly predicted health 
expenses. More educated patients and patients with higher income had more health 
expenses. Patients once had a high level of blood glucose level had less health expenses. 
In addition, the longer the time since the first diagnosis, patient expenses decreases. 
Among the 17 control measures, 9 of them were found to be significant. However, 
none of them significantly influence both outcome measures. Among these 9, we used 
only 5 control factors in our structural models. These are: education, food preparation, 
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blood glucose level and diagnosis time, and last education time. We did not use factors 
that were highly related to one another and those that were highly skewed dichotomous 
factors. In addition, more factors will reduce parsimony while increasing the number of 
skipped cases in the analysis. While education and income were highly correlated, we 
chose education instead of income since many patients did not answer the income 
question.  The blood glucose level and emergency visit questions were related; however, 
we chose the blood glucose level question since the emergency visit question required a 
dichotomous answer and most people did not visit emergence room, meaning the data 
were skewed. We chose the last education question instead of first since they are 
correlated and patients are more likely to provide accurate answers for the former. Race 
was not added since this factor is highly skewed, more than 80 percent of the sample was 
white, with the remaining being blacks, hispanics and others.  
 
4.5.2. Hypotheses tests 
After we decided which control measures to be used, we used structural equation 
modeling (SEM) to test the hypotheses. Similar to the earlier analysis, we ran the tests for 
the two tasks separately. In all models, we kept the error covariance between O4 and O9 
because it has the highest impact on the model. In addition, we followed the 
recommendations of Byrne (2006) and Kline (2011) in setting up the SEM models. The 
item with the highest loading was set to 1 for the dependent variables. The disturbances 
were freely estimated. There was a covariance among independent variables and one 
between the disturbance of health condition and expenses.  
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We first tested the main effect model for measuring blood glucose level and then 
for meal planning using EQS version 6.1. The initial structural model, seen in Figure 4.4, 
includes three CTE methods, trust, and the number educational sessions a patient 
attended, CTE satisfaction, patient knowledge, patient effective behavior, health 
condition, and health expenses.  
 
Figure 4.4: Structural model of main effects for measuring blood glucose level 
 
 
SRMR = .086 
CFI = .929 
RMSEA = .053 
90% confidence interval of RMSEA (.048, .059) 
Independence model chi-square = 8195.514 on 496 degrees of freedom 
Chi-square = 1055.733 based on 440 degrees of freedom 
Robust independence model chi-square = 5953.059 on 496 degrees of freedom 
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Satorra-Bentler scaled chi-square = 826.0112 on 440 degrees of freedom 
After 14 iterations, this above SEM exhibited adequate fit (CFI=0.929 and 
RMSEA=0.53), and we found support for H1c, H1d, H2a, H5a, H5b and H5c.  
We tested the same models with the common method factor included by setting a 
direct relationship from the common method factors to all indicators. However, these 
models did not converge. Thus, we modified the model by deleting the paths from the 
method factor to the independent variables. We did not include these paths because 
method does not have much impact on the items of the independent factors. This time 
model converged, while the same sets of hypotheses were being supported.  
Then, we tested hypotheses H1e and H1f, which compared the level of impact of 
the CTE method on patient satisfaction and knowledge. To test H1e hypothesis, we ran a 
constraint structural model in which the paths from reading material (RM) to patient 
satisfaction (PS) and group classes (GC) to PS are equal; and then using the Satorra-
Bentler chi-square test, we tested whether the chi-square of the constraint model was 
significantly different from the unconstrainded model, for which these two paths are not 
equal. The test statistics shown below revealed that the impact of GC on customer 
satisfaction is significantly higher than the impact of RM, supporting H1e. 
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      INPUTS: 
 Satorra-Bentler chi square for the MORE constrained model= 131 
 Normal chi square for the MORE constrained model= 162 
 Degrees of freedom for the MORE constrained model= 84 
 Satorra-Bentler chi square for the LESS constrained model= 122 
 Normal chi square for the LESS constrained model= 151 
 Degrees of freedom for the LESS constrained model= 83 
      OUTPUTS: 
 Satorra-Bentler Scaled Difference = 9.5789  df =  1 
 Chi Square probability = 0.001968 
 
We ran the same test to compare the impact of RM on PK and GC on PK. The test 
statistics shown below revealed that the impact of GC on customer knowledge is 
significantly higher than the impact of RM, supporting H1f. 
INPUTS: 
 Satorra-Bentler chi square for the MORE constrained model= 125 
 Normal chi square for the MORE constrained model= 154 
 Degrees of freedom for the MORE constrained model= 84 
 Satorra-Bentler chi square for the LESS constrained model= 122 
 Normal chi square for the LESS constrained model= 151 
 Degrees of freedom for the LESS constrained model= 83 
OUTPUTS: 
 Satorra-Bentler Scaled Difference = 3.9552  df =  1 
 Chi Square probability = 0.046726 
 
Then we tested the same model with the other duration factor, hours of patient 
education instead of number of educational sessions. After 10 iterations, this SEM 
exhibited adequate fit with the CFI of .936 and a RMSEA of 0.51. We found support for 
the same set of hypotheses.  
After we tested the main effect model for measuring blood glucose level, we 
tested the main effect model for meal planning, seen in Figure 4.5. This model includes 
the same set of factors written for meal planning. In addition, this structural model was 
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set up like the model for measuring blood glucose level. But this time no case was 
deleted, because none had a high multivariate normality problem.  
 
Figure 4.5: Structural model of main effects for meal planning 
 
SRMR = .075 
CFI = .942 
RMSEA = .055 
90% confidence interval of RMSEA (.049, .060) 
Independence model chi-square = 9940.656 on 496 degrees of freedom 
Chi-square = 1081.941 based on 440 degrees of freedom 
Robust independence model chi-square = 7503.592 on 496 degrees of freedom 





After 10 iterations, this SEM exhibited adequate fit (CFI=0.42 and RMSEA=0.055).  And 
we found support for H1b, H1c, H1d, H1e, H1f, H2a, H2b, H5a, H5b and H5c.  
Then, we tested the same model with the hours of patient education instead of 
number of educational sessions. After 10 iterations, this SEM exhibited adequate fit with 
the CFI of .942 and a RMSEA of 0.55. And we found support for the same set of 
hypotheses: H1c, H1d, H1e, H1f, H2a, H5a, H5b and H5c.  
We tested the same models with the common method factor included by setting a 
direct relationship from the common method factor to all indicators. However, these 
models did not converge. So we modified it by deleting the paths from the method factor 
to the independent variables. We did not include these paths because method does not 
have much impact on the items of the independent factors. This time the model 
converged, supporting the same set of hypotheses.  
After we have tested the two main effect models, we added the interaction effects 
to them.  Similarly, we first investigated the task of measuring the blood glucose level. 
We tested the interaction using SEM based on the recommendations of Marsh et al. 
(2004). We first mean-centered the items of the interaction factor. Then we paired items, 
such as an item with the highest loading in one factor with an item with the highest 
loading in another. Then we took the product of the paired items to create an item for the 
interaction factor. Then we include this interaction factor with three items in the model 
shown earlier. In this model the all the independent factors were mean-centered but 
dependent variables had raw scores. We tested each interaction factor separately meanign 
we tested six interaction factors in six structural models. The interaction factors are 
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RMxPM, RMxGC, PMxGC, TxRM, TxPM and TxGC. The EQS did not provide a 
solution when the common method bias factor was included. In addition, we tested the 
same 6 models, with the factor of hour of patient education as well as the number of 
educational sessions. Since the findings were the same, we only presented the findings 
for the model based on the number of education sessions.  
We first investigated the measuring blood glucose level task, testing the impact of 
the RMxPM interaction factor on PS and PK by including this interaction factor in the 
main effect model shown in Figure 4. In this model, the same one case was deleted 
because of high multivariate kurtosis. In addition, we put covariance between the 
interaction factor and the main effect factors of RM and PM. The structural model used to 
test the interaction factor is shown in Figure 4.6. The gray illustrates the main effect 








SRMR = .082 
CFI = .931 
RMSEA = .049 
90% confidence interval of RMSEA (.044, .054) 
Independence model chi-square = 8539.374 on 595 degrees of freedom 
Chi-square = 1181.900 based on 531 degrees of freedom 
Robust independence model chi-square = 6264.259 on 595 degrees of freedom 
Satorra-Bentler scaled chi-square = 924.4533 on 531 degrees of freedom 
 
This above SEM provided estimates after 15 iterations with an adequate fit. While the 
same main effect relationships as seen in Figure 4.4 are supported, no interaction effect is 
found to be significant.  
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We then tested the impact of the RMxGC interaction factor on PS and PK by 
including this interaction factor in the main effect model. In this model, the same one 
case was deleted because of high multivariate kurtosis. In addition, we inserted 
covariance between the interaction factor and the main effect factors of RM and GC. The 
structural model used to test this interaction factor is shown in Figure 4.7. 
 




SRMR = .081 
CFI = .929 
RMSEA = .050 
90% confidence interval of RMSEA (.044, .055) 
Independence model chi-square = 8632.033 on 595 degrees of freedom 
Chi-square = 1187.535 based on 531degrees of freedom 
Robust independence model chi-square = 6322.693 on 595 degrees of freedom 




This above SEM provided estimates after 18 iterations with adequate fit. While the same 
main effect relationships as seen in Figure 4.4 are supported, no interaction effect was 
found to be significant.  
We then tested the impact of the PMxGC interaction factor on PS and PK by 
including this interaction factor in main effect model. In this model, the same one case 
was deleted because of high multivariate kurtosis. In addition, we inserted covariance 
between the interaction factor and the main effect factors of PM and GC. The structural 
model used to test this interaction factor is shown in Figure 4.8. 
 







SRMR = .082 
CFI = .932 
RMSEA = .049 
90% confidence interval of RMSEA (.044, .054) 
Independence model chi-square = 8626.465 on 595 degrees of freedom 
Chi-square = 1171.664 based on 531 degrees of freedom 
Robust independence model chi-square = 6400.179 on 595 degrees of freedom 
Satorra-Bentler scaled chi-square = 923.4471 on 531 degrees of freedom 
 
This above SEM provided estimates after 15 iterations with an adequate fit. While the 
same main effect relationships as seen in Figure 4.4 are supported, no interaction effect 
was found to be significant.  
We then tested the impact of the TxRM interaction factor on PS and PK by 
including this interaction factor to the main effect model. In this model, the same one 
case was deleted because of high multivariate kurtosis. In addition, we inserted 
covariance between the interaction factor and the main effect factors of T and RM. The 








SRMR = .079 
CFI = .928 
RMSEA = .048 
90% confidence interval of RMSEA (.043, .053) 
Independence model chi-square = 8547.685 on 595 degrees of freedom 
Chi-square = 1196.223 based on 531 degrees of freedom 
Robust independence model chi-square = 5892.016 on 595 degrees of freedom 
Satorra-Bentler scaled chi-square = 912.4123 on 531 degrees of freedom 
 
This above SEM provided estimates after 15 iterations, and it exhibited an adequate fit. 
This time the interaction effect was found to be significant. So H4c is supported. 
Then, we calculated simple slopes based on the SEM output using path 
coefficients and factor variances. The following regression equations for this model 
 
278 
provided the path coefficients. An “@” means it is significant at 5%; the brackets ( ) 
mean that it is the robust estimate. 
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In addition, the following factor variances were used to calculate simple slopes. 
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.347 
8.237@ 
(   .314) 
(  9.082@ 
PM 3.227 
     .423  
    7.621@ 
 (   .372) 
 (  8.662@ 
GC      3.461  
      .430  
     8.041@  
  (   .350) 
  (  9.875@I   
Trust     2.606 
     .311 
    8.386@ 
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 (  4.038@ 
 
We found the following simple slopes for patient satisfaction: 
Simple slope for RM at mean + 1 stddev of Trust = 0.09 + 0.25 x sqrt (2.61) = 0.49 
Simple slope for RM at mean of Trust = 0.09 
Simple slope for RM at mean – 1 stddev of Trust = 0.09 - 0.25 x sqrt (2.61) = - 0.31 
 
These above simple slopes show that at a high level of trust, a one unit of increase in RM 
increases satisfaction 0.49 units, while at a moderate level of trust, a one unit increase in 
RM increases satisfaction 0.09 units, while at a low level of trust, a one unit increase in 
RM reduces satisfaction 0.31.  
We then tested the impact of the TxPM interaction factor on PS and PK by 
including this interaction factor in the main effect model. In this model, the same one 
case was deleted because of high multivariate kurtosis. In addition, we added covariance 
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between the interaction factor and the main effect factors of T and PM. The structural 
model used to test the interaction factor is shown in Figure 4.10. 
 





This above SEM provided estimates after 16 iterations, and it exhibited an adequate fit. 
While the same main effect relationships are supported, no interaction effect was found to 
be significant.  
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SRMR = .082 
CFI = .931 
RMSEA = .048 
90% confidence interval of RMSEA (.043, .053) 
Independence model chi-square = 8511.087 on 595 degrees of freedom 
Chi-square = 1186.487 based on 531 degrees of freedom 
Robust independence model chi-square = 6099.806 on 595 degrees of freedom 
Satorra-Bentler scaled chi-square = 910.7346 on 531 degrees of freedom 
 
We then tested the impact of the TxGC interaction factor on PS and PK by 
including this interaction factor in the main effect model. In this model, the same one 
case was deleted because of high multivariate kurtosis. In addition, we added covariance 
between the interaction factor and the main effect factors of T and GC. The structural 









SRMR = .081 
CFI = .924 
RMSEA = .051 
90% confidence interval of RMSEA (.045, .056) 
Independence model chi-square = 8633.879 on 595 degrees of freedom 
Chi-square = 1235.933 based on 531 degrees of freedom 
Robust independence model chi-square = 949.4866 on 531 degrees of freedom 
Satorra-Bentler scaled chi-square = 910.7346 on 531 degrees of freedom 
 
This above SEM provided estimates after 16 iterations, and it had an adequate fit. This 
time the interaction effect was found to be significant. So H4a is supported. 
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Then we calculated the simple slopes based on the SEM output. We used path 
coefficients and factor variances. The following regression equations for this model 
provided the path coefficients. 
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In addition, the following factor variances were used to calculate the simple slopes. 
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We found the following simple slopes for patient satisfaction: 
Simple slope for GC at mean + 1 stddev of Trust = 0.38 + 0.29 x sqrt (2.59) = 0.85 
Simple slope for GC at mean of Trust = 0.38 
Simple slope for GC at mean – 1 stddev of Trust = 0.38 - 0.29 x sqrt (2.59) = - 0.09 
 
These above simple slopes show that at a high level of trust, a one unit of increase in GC 
increases satisfaction 0.85 units, while at a moderate level of trust, a one unit increase in 
GC increases satisfaction 0.38 units, while at a low level of trust, a one unit increase in 
GC reduces satisfaction 0.09. 
Then, we tested the same 6 interaction structural models for meal planning. We 
first tested the impact of the RMxPM interaction factor on PS and PK by including this 
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interaction factor in the main effect model shown in Figure 4.5. In this model, no case 
exhibited high multivariate kurtosis. In addition, we added covariance between the 
interaction factor and the main effect factors of RM and PM. The structural model used to 
test the interaction factor is shown in Figure 4.12. The gray illustrates the main effect 
model which formed the basis of this interaction model.  
 
Figure 4.12: Structural model of RMxPM interaction factor for meal planning 
 
SRMR = .063 
CFI = .944 
RMSEA = .049 
90% confidence interval of RMSEA (.044, .054) 
Independence model chi-square = 10502.608 on 595degrees of freedom 
Chi-square = 1238.413 based on 531 degrees of freedom 
Robust independence model chi-square = 7732.777 on  595 degrees of freedom 




This above SEM provided estimates after 17 iterations, and it had an adequate fit. While 
the same main effect relationships are supported, no interaction effect was found to be 
significant.  
We then tested the impact of the RMxGC interaction factor on PS and PK by 
including this interaction factor in the main effect model. In addition, we added 
covariance between the interaction factor and the main effect factors of RM and GC. The 




Figure 4.13: Structural model of the RMxGC interaction factor for meal planning 
 
SRMR = .064 
CFI = .942 
RMSEA = .050 
90% confidence interval of RMSEA (.044, .055) 
Independence model chi-square = 10488.457 on 595 degrees of freedom 
Chi-square = 1248.647 based on 531 degrees of freedom 
Robust independence model chi-square = 7637.924 on  595 degrees of freedom 
Satorra-Bentler scaled chi-square = 936.5498 on 531 degrees of freedom 
 
 
This above SEM provided estimates after 17 iterations, and it had an adequate fit. This 
time the interaction effect was found to be significant. So H4e is supported.  
Then we calculated the simple slopes based on the SEM output. We used path 
coefficients and factor variances to calculate simple slopes. The following regression 
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In addition, the following factor variances wereused to calculate simple slopes. 
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We found the following simple slopes for patient satisfaction: 
Simple slope for GC at mean + 1 stddev of RM = 0.52 + 0.23 x sqrt (2.92) = 0.91 
Simple slope for GC at mean of RM = 0.52 
Simple slope for GC at mean – 1 stddev of RM = 0.52 - 0.23 x sqrt (2.92) = 0.13 
 
These above simple slopes show that at a high level of RM, a one unit of increase in GC 
increases satisfaction 0.91 units, while at a moderate level of RM, a one unit increase in 
GC increase satisfaction 0.52 units, while at a low level of RM, a one unit increase in GC 
increases satisfaction 0.13. 
We then tested the impact of the PMxGC interaction factor on PS and PK by 
including this interaction factor in the main effect model. In addition, we inserted 
covariance between the interaction factor and the main effect factors of PM and GC. The 




Figure 4. 14: Structural model of the PMxGC interaction factor for meal planning 
 
SRMR = .071 
CFI = .932 
RMSEA = .054 
90% confidence interval of RMSEA (.048, .058) 
Independence model chi-square = 10438.901 on 595 degrees of freedom 
Chi-square = 331.720 based on 531 degrees of freedom 
Robust independence model chi-square = 7550.557 on 595 degrees of freedom 
Satorra-Bentler scaled chi-square = 1002.5836 on 531 degrees of freedom 
 
 
This above SEM provided estimates after 17 iterations with an adequate fit. While the 




Then, we calculated the simple slopes based on the SEM output. We used path 
coefficients and factor variances to calculate simple slopes. The following regression 
equations for this model provided the path coefficients: 
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In addition, the following factor variances were used to calculate simple slopes.: 
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We found the following simple slopes for patient satisfaction: 
Simple slope for GC at mean + 1 stddev of PM = 0.43 + 0.16 x sqrt (3.51) = 0.73 
Simple slope for GC at mean of PM = 0.43 
Simple slope for GC at mean – 1 stddev of PM = 0.43 - 0.16 x sqrt (3.51) = 0.13 
 
These above simple slopes show that at a high level of PM, a one unit of increase in GC 
increases satisfaction 0.73 units, while a at moderate level of PM, a one unit increase in 
GC increases satisfaction 0.43 units, while a at low level of PM, a one unit increase in 
GC increases satisfaction 0.13.  
We then tested the impact of the TxRM interaction factor on PS and PK by 
including this interaction factor in the main effect model. In addition, we added 
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covariance between the interaction factor and the main effect factors of T and RM. The 
structural model used to test the interaction factor is shown in Figure 4.15. 
 
Figure 4.15: Structural model of the TxRM interaction factor for meal planning 
 
SRMR = .065 
CFI = .934 
RMSEA = .052 
90% confidence interval of RMSEA (.046, .057) 
Independence model chi-square = 10385.893 on 595 degrees of freedom 
Chi-square = 1281.814 based on 531 degrees of freedom 
Robust independence model chi-square = 7248.648 on 595 degrees of freedom 
Satorra-Bentler scaled chi-square = 968.3951 on 531 degrees of freedom 
 
This above SEM provided estimates after 16 iterations, and it exhibited an adequate fit. 
While the same main effect relationships are supported, no interaction effect is found to 
be significant.  
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We then tested the impact of the TxPM interaction factor on PS and PK by 
including this interaction factor in the main effect model. In addition, we added 
covariance between the interaction factor and the main effect factors of T and PM. The 
structural model used to test the interaction factor is shown in Figure 4.16: 
 
Figure 4.16: Structural model of the TxPM interaction factor for meal planning 
 
SRMR = .068 
CFI = .935 
RMSEA = .052 
90% confidence interval of RMSEA (.047, .057) 
Independence model chi-square = 10436.532 on 595 degrees of freedom 
Chi-square = 1297.564 based on 531 degrees of freedom 
Robust independence model chi-square = 7507.480 on 595 degrees of freedom 




This above SEM provided estimates after 18 iterations, and it had an adequate fit. While 
the same main effect relationships are supported, no interaction effect was found to be 
significant.  
We then tested the impact of the TxGC interaction factor on PS and PK by 
including this interaction factor in the main effect model. In addition, we put covariance 
between the interaction factor and the main effect factors of T and GC. The structural 




Figure 4.17: Structural model of the TxGC interaction factor for meal planning 
 
 
SRMR = .066 
CFI = .937 
RMSEA = .051 
90% confidence interval of RMSEA (.045, .056) 
Independence model chi-square = 10366.850 on 595 degrees of freedom 
Chi-square = 1258.971 based on 531 degrees of freedom 
Robust independence model chi-square = 7293.668 on 595 degrees of freedom 
Satorra-Bentler scaled chi-square = 955.0623 on 531 degrees of freedom 
 
 
This above SEM provided estimates after 19 iterations, and it had an adequate fit. This 
time the interaction effect was found to be significant. So H4a is supported.  
Then we calculated the simple slopes based on the SEM output. We used path 
coefficients and factor variances to calculate simple slopes. The following regression 
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In addition, the following factor variances were used to calculate simple slopes: 
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We found the following simple slopes for patient satisfaction: 
Simple slope for GC at mean + 1 stddev of Trust = 0.53 + 0.31 x sqrt (2.54) = 1.02 
Simple slope for GC at mean of Trust = 0.53 
Simple slope for GC at mean – 1 stddev of Trust = 0.53 - 0.31 x sqrt (2.54) = 0.04 
 
These above simple slopes show that at a high level of trust, a one unit of increase in GC 
increases satisfaction 0.73 units, while at a moderate level of trust, a one unit increase in 
GC increases satisfaction 0.43 units, while at a low level of trust, a one unit increase in 
GC increases satisfaction 0.13.  
Table 4.9 summarizes the findings from this investigation. In this study we tested 
5 hypotheses, or a total of 19 sub-hypotheses, using 14 structural models. A hypothesis 
that is supported is shown by         , and a supported is indicated by         , and if a 




Table 4.9: Summary of findings 
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In the aspect section of our analysis, we investigated the impact of the 5 control 
measures on the two main effect models (see Figure 4.4 and Figure 4.5). We included 
these factors separately by creating a direct path from the control factor to all the 
dependent variables and covariance from the control factor to all the independent 
variables. We consistently found that while the control factor influenced either patient 
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Our conceptual model, seen in Figure 4.1, measures the impact of CTE design on 
CTE outcomes. Based on the customer contact model, the CTE design is measured by 
three variables, contact media, trust and contact time; and based on the training 
evaluation model, CTE outcomes are measured by five variables, patient satisfaction, 
knowledge, behavior, health condition and health expenses.  
The impact of contact media was investigated by hypotheses 1a to 1f. For the task 
of measuring blood glucose level (BGL), we found that reading material (RM), which is a 
CTE method with low media richness, does not improve satisfaction and patient 
knowledge. Thus, H1a and H1b were not supported; however, for the task of meal 
planning (MP), H1b was supported, hypothesizing that RM improves patient knowledge.  
This inconsistent finding led us consider that the impact of CTE design is 
dependent on task characteristics. BGL is a physical task while MP is a cognitive task. 
Measuring BGL involves of puncturing the skin to draw blood that is placed in the test 
paper and put into a meter to obtain reading (except reading the meter) are physical 
actions. Considering BGL as a physical task suggests that using RM to teach BGL is not 
the best approach. Because BGL is a physical task, a patient benefits from practicing it in 
personal meetings and group classes, where they can be coached. However, MP is a 
cognitive task for which patients need to develop a conceptual model of the ideal meal 
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(e.g., how much protein, how much carbohydrate) as well as calculate how many calories 
and grams of protein they will consume and how this will affect them. Many appropriate 
meal examples can be provided in written material or videos that explain how to calculate 
the carbohydrates and protein in the meal in a step-by-step fashion.  The patient can use 
these repeatedly while they are planning meals. 
The results of this study found that the impact of group classes on patient 
satisfaction and knowledge is significant for both MP and BGL. Specifically, the 
investigation of H1c and H1d supports that group classes improve patient satisfaction and 
knowledge for both tasks. In addition, for both tasks, the impact of GC on CTE outcomes 
is higher than the impact of RM on CTE outcomes, supporting H1e and H1f. These 
findings suggest that while the impact of CTE method on outcome is dependent on the 
task, certain CTE methods are effective for teaching different types of tasks.  
Another dimension of CTE design is trust, which was found to be an important 
factor in teaching both tasks. For BGL, trust improves satisfaction, supporting H2a; and 
for the task of meal planning, trust improves both satisfaction and knowledge, supporting 
H2a and H2b. These results imply that independent of the service tasks, trust is always 
required to effectively train and educate customers. 
Contact time was not a statistically significant predicator of CTE outcome for 
both tasks, meaning H3a and H3b are found to be not supported. This result could be due 
to the fact that we measured CTE duration with an objective measure while we measured 
all other variables through perceptual items. In addition, it could be due a potential 
quadratic relationship between duration and CTE outcomes. The result suggest that the 
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duration of CTE should not be too long or too short; it should be adequate, suggesting 
that perhaps the impact of duration on CTE outcome would be different for short, 
medium or long durations.  
Another contribution of this study is to investigate whether CTE design factors 
jointly create value to customers. Based on Hypothesizing 4a to 4f, we found that the 
impact of GC on satisfaction is dependent on trust for both tasks, while the impact of RM 
on patient knowledge is dependent on trust for the task of BGL. In addition, for the task 
of MP we found that the impact of GC on patient satisfaction is higher when the patients 
read more about meal planning. This finding is important because it shows that the 
combined use of GC, RM and trust improves customer satisfaction and knowledge. 
In is study we also investigated the relationship among CTE outcomes as 
hypothesized by H5a to H5c. Kirkpatrick’s 4 stage training evaluation model suggested 
that training satisfaction improves trainee knowledge, which in turn improves trainee 
behavior, which, in turn, improves firm performance. These three sequential relationships 
are supported for both tasks, implying CTE programs can directly influence only 
satisfaction and knowledge and that these two CTE outcomes perfectly mediate the 
impact of CTE methods on patient effective behavior, patient health condition and patient 
health expenses. 
 
4.7. Chapter conclusions 
In this study we examined how CTE designs affect customers using the customer 
contact model, finding that CTE programs with higher levels of customer contact will 
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have a higher level of CTE outcomes. When educators use methods providing rich 
information to develop customers’ trust, then they will be more satisfied and learn more. 
This increased satisfaction and learning then improves customer behavior and service 
performance. However, we were not able to support that contact duration improved 
customer learning outcomes.  
This study contributes to the service design literature by combining the customer 
contact and training evaluation models to examine how CTE affects service performance. 
Service design research investigates how various service design choices can be combined 
to create value to customers (Roth and Menor, 2003). As services in general, and health 
care services in particular, come under increased pressure to reduce costs and improve 
performance, they will involve the customer in self-providing more services. For 
customers to effectively perform these service tasks, they need training. This study 
suggests that a key factor in designing this service training is to recognize differences 
between physical and cognitive tasks. 
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CHAPTER 5 – CONCLUSIONS 
 
These three essays investigated two overall research questions (1) how services 
train and educate their customers and (2) what is the impact of the training and 
educational designs on service performance. These two questions were investigated 
through an integrative framework which proposes relationships among CTE design, CTE 
context and CTE outcome. Figure 1.1 is reproduced for your convenience. 
 




This study used 4 management theories to explain this above model. The integration of 
these theories to explain CTE can be considered an important contribution of this study. 
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Based on Organizational Information Processing Theory (OIPT), essay 1 found four CTE 
methods used in services and explained why certain CTE methods are more effective in 
teaching certain tasks. Based on the Customer Readiness Model (CRM), essay 2 
suggested three CTE content elements, role education, skill training and benefit 
education. These three different educational contents should be used to improve customer 
effective behavior. The last essay, investigated the Customer Contact Model (CCM) and 
the Training Evaluation Model (TEM), which provided comprehensive insights on how 
CTE should be provided to customers and how CTE outcomes should be evaluated.  
The investigation of these research models provided an adequate fit; however, the 
findings were counter-intuitive and inconsistent for the tasks of measuring blood glucose 
level (BGL) and meal planning (MP). These unexpected findings led us to question our a 
priori belief that task difficulty alone affects the choice of CTE in a service design. While 
the difference in task difficulty between learning how to measure BGL and MP was 
validated by the diabetic training expert we consulted, there is another distinctive 
difference between these two tasks. BGL is a physical task while MP is a cognitive task. 
Using the idea of physical task and cognitive tasks provided a potential explanation to 
resolve this inconsistency.  
The investigation in essay 1 using OIPT resulted in several conclusions. We 
found that CTE methods (e.g., reading material, personal meeting and group classes) 
have an impact of CTE outcomes; however, this relationship is dependent on customer 
service task characteristics. Basically, diabetes education programs need to consider how 
cognitive or physical a task is and how difficult for a patient to learn the tasks. If a task is 
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cognitive, all three CTE methods are effective, while as the patient perceived task 
difficulty increases, the effectiveness of PM and GC increase even more. If a task is 
physical, PM and GC are effective, but the patient perceived task difficulty does not 
increase the effectiveness of any method further.  
The investigation in essay 2 using CRM led to several conclusions. We found that 
depending on the task characteristics, the significance of the CTE content in improving 
customer knowledge and motivation may be different. We found that for difficult and 
cognitive tasks, all three CTE content elements, role education, skill training and benefit 
education, are needed; however, for a simple and physical task, only skill training is 
adequate. We also found that based on the task characteristics, the impact of the customer 
readiness factors, role clarity, knowledge and motivation, on customer and service 
outcomes may also be different. For difficult and cognitive tasks motivation can become 
the most important factor in changing customer behavior; however, for a simple and 
physical task, all three customer readiness factors are needed to improve customer 
effective behavior. In addition, in this study we found that the impact of CTE content on 
customer readiness is dependent on one another, meaning skill training because more 
effective when educators explain the benefits.  
The investigation in essay 3 using CCM and TEM led to several conclusions. 
Similar to previous essays, we found that task characteristics change the impact CTE 
design on CTE outcome. For the cognitive tasks, CTE programs should use both rich and 
lean media and develop trust to achieve higher levels of customer satisfaction and 
customer knowledge. While for physical tasks, CTE programs should only use rich media 
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and develop trust. For cognitive tasks, trust improves both satisfaction and knowledge, 
while for physical tasks it only improves satisfaction. In addition, we found that these two 
customer contact characteristics, media and trust, indirectly increase customer effective 
behavior and service performance through customer satisfaction and knowledge. In 
addition, we found that the impact of one CTE media on outcomes is dependent on the 
use of other CTE media and patient trust.  
The findings of our investigation allowed us to know more about CTE context. In 
the current service design literature, we found that CTE is more applicable to services 
involving difficult service tasks. In our study, we learned that the level of difficulty of the 
services tasks can make CTE design more effective. However, service design literature 
does not consider the cognitive or physical nature of the tasks. Our study suggests that the 
cognitive or physical nature of a task also affects the effectiveness of the CTE design. 
In addition, our investigation allowed us knowing more about CTE design. First 
this study provided a formal definition of CTE. Second, it operationalized CTE design 
with two factors, CTE method and CTE content. The CTE method is discussed in the 
literature, the anecdotal evidences showing that CTE methods can improve CTE 
outcomes. However, to the best of our knowledge, our study is the first time integration 
of CTE content into the service design literature. We found that CTE content has an 
impact on CTE outcome. In addition, we found that CTE content, depending on the task 
characteristics, can be more effective or less effective.  
Our investigation also provided additional insights about CTE outcomes. Service 
design literature has considered various outcomes of CTE. In this study we empirically 
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found that CTE improves customer effective behavior and service performance by 
improving satisfaction, knowledge and motivation.  
While we investigated how to design of CTE, these findings can be applied to 
service design in general; while, service design explains how services are delivered to 
create value to customers; similarly, CTE design explains how training and education are 
delivered to customers so that they gain value from the service. In addition, as CTE is a 
part of service design, considered that the practices improving this part may also improve 
the whole. Thus, the insights gained here about CTE design can be applied to service 
design and its other components.  
Related to service design, we found that customer-to-customer interaction can 
generate value. For example, in the diabetes education programs patients in the group 
classes became a major source of patient learning. However, the issue of customer-to-
customer interaction to create service value needs further study. In addition, in this study 
we found that customers can create value for each other.  
While this study collected data from health care services, we argue that the 
findings can be applied to other services. In services customers are considered as partial 
employees, meaning they need to perform certain tasks to create a successful service 
delivery. CTE can improve customer service performance; specifically, these insights can 
be well applied to legal or financial services because in these services customers perform 
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Appendix A-1: Customer training and education literature investigated in essay 1 




Printed instructions may not be enough to teach self-service 
technologies to customers. Service employees need to 
demonstrate and answer questions. 
 
Solomon et 
al. (1985)  
Organization needs to communicate customers’ service role 
and script, because behaviors of employees and customers are 
interdependent. 
Customer role assignment is better take place 
early in the encounter.  
Bowen 
(1986)  
On-site customers can be trained through explicit instructions 
and rules, video showing “realistic service preview,” service 
design (e.g., big trash cans) and employee interactions. 
Customer can be trained on-site and during 




Depending on the nature of the service (e.g. task uncertainty) 
different types of contacts are established between customers 
and a service firm; for example, at highly low task uncertainty 
services, well-developed rules and established guidelines are 
used.  
Customer role readiness can be defined and 
developed through the different stages (pre-




Services which require high commitment and deal with multi-
consumer (e.g., weight loss program and group therapy) can 
use peer-customer as a source of other customer’s learning. 
 
Kelley et al 
(1990) 
Service firms promote organizational socialization by formal 
training programs, organizational literature, environmental 
cues, reinforcement and observing other customers. 
 
Bitner et al. 
(1997)  
Customer training and education could be given by various 
methods: customer group meetings, knowledgeable leaders, 
videos and “realistic service previews, and well-developed 





Depending on the customer competency, 
some customer needs pre-transaction training 
or in-process training through written 
guidelines, facility maps and signage.  
Bitner (2002)  
To train and educate customer use information technology 




To teach customer service can use verbal and written 
instructions, short videos of service previews and hiring 





Customers can indirectly teach other customers by showing 
appropriate behaviors.  
Signs and automatic audio responses, realistic service preview 




Customers with different learning styles require different 
types of customer training, verbal, visual or none. 
 
Llopis et al. 
(2006)  
 
In-class customer training can be designed 
based on the modification of employee 
training program. Some important decisions 
are training length, place and pedagogical 
method.  
Frei (2006)  
Employees located at the entrance of a 
service can train customers. 
Frei (2008)  
Designs of employee and customer training are different. 
There are more customers than employees, and creating 
effective training materials for such a large, dispersed, unpaid, 
and often irrelevantly skilled workforce is difficult. 
 
Zhao et al. 
(2008)  





Appendix A-2: Customer training and education literature investigated in essay 2 
Research 
Service context and 
characteristics 
Customer training and education method 






High contact services 
and services using 
self-service 
technologies 
Printed instructions may not be enough to teach 
self-service technologies to customers. Service 










Services with onsite 
service encounters 
On-site customers can be trained through explicit 
instructions and rules, video showing “realistic 
service preview,” service design (e.g., big trash 








Complex service  
Depending on the nature of the service (e.g. task 
uncertainty) different types of contacts are 
established between customers and a service 
firm; for example, at highly low task uncertainty 
services, well-developed rules and established 
guidelines are used…  
…Customer role readiness can be defined and 
developed through the different stages (pre-









required services  
Services which require high commitment and 
deal with multi-consumer (e.g., weight loss 
program and group therapy) can use peer-







service quality and 
service 
productivity 
Kelley et al. 
(1990) 
Highly customized 
services directed to 
toward people  
Service firms promote organizational 
socialization by formal training programs, 
organizational literature, environmental cues, 





service quality  
Bitner et al. 
(1997)  
High level of 
customer 
participation 
Customer training and education could be given 
by various methods: customer group meetings, 
knowledgeable leaders, videos and “realistic 
service previews, and well-developed and easy to 











and service cost 
Canziani 
(1997)  
Lack of fit between 
customer competency 
and service task 
requirements  
Depending on the customer competency, some 
customer needs pre-transaction training or in-
process training through written guidelines, 















To train and educate customer use information 











To teach customer service can use verbal and 
written instructions, short videos of service 
previews and hiring professional customer that 






service efficiency  
Bettencourt 
et al. (2002)  
B2B knowledge 
intensive services 
In B2B services keep the communication 










High level of 
customer 
participation 
Customers can indirectly teach other customers 
by showing appropriate behaviors…  
…Signs and automatic audio responses, realistic 
service preview videos can train customers… 














Service with high 
customer variability  
…Employees located at the entrance of a service 





service quality and 
service efficiency  
Frei (2008)  Not specified 
…Designs of employee and customer training are 
different. There are more customers than 
employees, and creating effective training 
materials for such a large, dispersed, unpaid, and 
often irrelevantly skilled workforce is difficult. 
Customer 
behavior  
Service cost and 
service quality 


















































Printed instructions may not be 
enough to teach self-service 
technologies to customers. 
Service employees need to 
demonstrate and answer 
questions.  
“Service managers need to recognize 
the importance of maintaining the 
customers' goodwill, since their 
willingness to accept change may 
depend on it. Creating an atmosphere of 
mutual trust and respect requires a long-
term strategy, not a superficial, short-
term program that is switched on and 






















On-site customers can be trained 
through explicit instructions and 
rules, video showing “realistic 
service preview,” service design 
(e.g., big trash cans) and 
employee interactions.  
“In order for customers to positively 
experience their organizational 
surroundings, service firms need to 
manage the climate for service… 
Climate for service refers to the 
summary perceptions that customers 
have of the service-related attributes 
and practices of the business. This can 
include everything from how customer-
contact employees behave, the 
cleanliness of the facility, and the 
















Depending on the nature of the 
service (e.g. task uncertainty) 
different types of contacts are 
established between customers 
and a service firm; for example, 
at highly low task uncertainty 
services, well-developed rules 
and established guidelines are 
used.… Customer role readiness 
can be defined and developed 
through the different stages (pre-



















Services which require high 
commitment and deal with 
multi-consumer (e.g., weight 
loss program and group therapy) 
can use peer-customer as a 
source of other customer’s 
learning.  
“Consumers will be motivated to learn 
skills and respond the organizational 

























Service firms promote 
organizational socialization by 
formal training programs, 
organizational literature, 
environmental cues, 
reinforcement and observing 
other customers. 
“The organizational commitment of 
service customers is indicative of the 
organization’s likelihood of developing 
or maintaining customer identification 
with organizational goals and values 
and retaining the service customer as an 
active participant in the service 
encounter”  
“Organizational climate for service can 
be defined as a set of descriptive 
characteristics concerning service 
delivery and service quality that 
differentiate a service organization from 
others and influence the service-related 
expectations and behaviors of the 



















Customer training and education 
could be given by various 
methods: customer group 
meetings, knowledgeable 
leaders, videos and “realistic 
service previews, and well-
developed and easy to use 
material and instructions. 
“Members are strongly encouraged to 
attend the weekly meetings led by 



































Depending on the customer 
competency, some customers 
need pre-transaction training or 
in-process training through 
written guidelines, facility maps 

























To train and educate customer 







































To teach customer service, 
verbal and written instructions 
can be used, short videos of 
service previews and hiring 
professional customer that 

























In B2B services keep the 
communication channels open to 
share intimate knowledge.  
“Although we speak about client co-
production, the reality is that co-
production behaviors are performed by 
individuals engaged in interpersonal 
relationships. Effective interpersonal 
relationships must rely on the 
development of trust and supportive 
relationship norms if individuals are to 
be expected to take the initiative to offer 
ideas and feedback, demonstrate 
flexibility, offer a helping hand, and 
refrain from nitpicking. Trust is an 
especially important motivational 
foundation when the inevitable 























Customers can indirectly teach 
other customers by showing 
appropriate behaviors.  
Signs and automatic audio 
responses, realistic service 
preview videos can train 
customers. 
Customers learn through 
























Employees located at the 
entrance of a service can train 
customers. 
“Dell could have lost control of its 
customer relationships. The company 
prevented thloss through strict 
vigilance, staying in close touch with 
customers to discuss their needs and to 


















Designs of employee and 
customer training are different. 
There are more customers than 
employees, and creating 
effective training materials for 
such a large, dispersed, unpaid, 
and often irrelevantly skilled 









Appendix B: Construct definitions 
Table A.2.1: Construct definitions used in essay 1  
Constructs Initial construct definition and their source Final operational definitions 
Task 
difficulty 
 Task uncertainty is the difference between the 
amount of information required to perform the 
task  and the amount of information already 
possessed by the organization (Galbraith 1973). 
 Task uncertainty is task variability and task 
difficulty (Van de Ven and Ferry, 1980). 
 Task difficulty is level of required knowledge 
to learn how to do the task (Noe, 2002). 
The difficulty of learning how to 




Based on the descriptions of Galbraith (1974), 
Van de Ven et al. (1976) and Mintzberg (1979). 
Reading of written materials to 





Patient’s opinion about how 





Having conversations with health 
professionals to learn how to 




Patient’s opinion about how 
helpful having personal meetings 
with diabetes educators was in 
learning the [task]. 
Use of group 
classes 
Participating in patient group 
meetings to learn how to perform 




Patient’s opinion about how 
helpful participating in group 
meetings with educators and other 
patients was in learning the [task]. 
Patient CTE 
satisfaction 
Reaction is the measure of satisfaction or how 
participates emotionally reach to the program 
(Kirkpatrick and Kirkpatrick, 2006). 
Patient's general feelings about the 
training and education method 




Learning is the extent to which participants 
change attitudes, improve knowledge, and/or 
increase skills as a result of attending the program 
(Kirkpatrick and Kirkpatrick, 2006). 
Patient's knowledge and skills 
about the health tasks. (Damali et 




Behavior is what change in behavior has occurred 
because the participant attended the training 
program (Kirkpatrick and Kirkpatrick, 2006). 
Patient’s improved effective task 




condition Results are the benefits achieved by the service 
firm (Kirkpatrick and Kirkpatrick, 2006). 
Patient’s current state of health. 




Patient’s number of visits to 
hospitals and other health costs. 




Table A.3.1: Construct definitions used in essay 2  
Constructs 
Initial construct definition 
based on Meuter et al. (2005) 
Final operational definitions 
Customer role 
clarity  Role clarity: Knowing what is 
expected of customers 
Patient’s personal acceptance of important 
responsibilities. 
Role education 
Educational practices which communicate 
service responsibilities to patients. 
Customer ability Ability: Having the necessary 
skills and confidence required 
to perform a task  
Patient knowledge and skills about the task.  
Skill training 
Training practices allow patients to practice 
these required skills.   
Consequence 
education 
Motivation Perceiving a 
benefit to performing the 
behavior  
Patient’s willingness to perform task. 
Customer 
motivation 
Educational practices which communicate the 
benefits of performing required service tasks. 
Customer behavior 
Customer Trial: Whether 
customer have successfully 
completed the task  




Health expenses: Patient’s number of visits to 
hospitals and other health costs. 




Table A.4.1: Construct definitions used in essay 3 
Constructs 
Initial construct definition and their 
source 
Final operational definitions 
Use of reading 
materials 
Based on the descriptions of Galbraith 
(1974), Van de Ven et al. (1976) and 
Mintzberg (1979). 
Reading of written materials to learn 
how to perform the [health task]. 
Use of personal 
meetings 
Having conversations with health 
professionals to learn how to perform 
the [health task]. 
Use of group 
classes 
Participating in patient group meetings 
to learn how to perform the [health 
task]. 
Trust 
Intimacy: Mutual confiding (Soteriou 
and Chase, 1998; Kellogg and Chase, 
1995) 
Level of the caring relationship in the 
education program. 
Duration 
Communication time: Total time spent 
in communication (Soteriou and Chase, 
1998; Kellogg and Chase, 1995) 
Duration of the patient's attendance to 
the educational program. 
Patient CTE 
satisfaction 
Reaction is the measure of satisfaction 
or how participates emotionally reach 
to the program (Kirkpatrick and 
Kirkpatrick, 2006). 
Patient's general feelings about the 
training and education method used in 
the program. (Damali et al., Article 3) 
Patient knowledge 
Learning is the extent to which 
participants change attitudes, improve 
knowledge, and/or increase skills as a 
result of attending the program 
(Kirkpatrick and Kirkpatrick, 2006). 
Patient's knowledge and skills about the 
health tasks. (Damali et al., Article 3) 
Patient effective 
behavior 
Behavior is what change in behavior 
has occurred because the participant 
attended the training program 
(Kirkpatrick and Kirkpatrick, 2006). 
Patient’s improved effective task 
performance. (Damali et al., Article 3) 
Patient health 
condition 
Results - the benefits achieved by the 
service firm. 
Patient’s current state of health. 
(Damali et al., Article 3) 
Patient health 
expenses 
Patient’s number of visits to hospitals 




Appendix C: Item pools 
Table A.2.2 Initial item pool and the initial adapted items used in essay 1 
Constructs Original items from the literature and source Initial adapted item pool 
Task 
difficulty 
Task difficulty (Van de Ven and Ferry, 1980) 
 To what extent is there a clearly known way to do the 
major types of work you normally encounter?  
 How easy is it for you to know whether you do your 
work correctly?  
 What percent of the time are you generally sure of 
what the outcome of your work efforts will be? 
 In the past three months, how often did difficult 
problems arise in your work for which there were no 
immediate or apparent solutions? 
Task variability (Van de Ven and Ferry, 1980) 
 How much the same are the day-to-day situations, 
problems, or issues you encounter in performing your 
major tasks?  
 How many of these tasks are the same from day to 
day?  
 During a normal week, how frequently do exceptions 
arise in your work which requires substantially 
different methods or procedures for doing it? 
 How often do you follow about the same work 
methods or steps for doing your major tasks from day 
to day? 
 There was no clear way to perform the task. 
 I was unclear about how to perform the task. 
 I was not sure how to perform the task. 
 There was no apparent way for performing the 
task. 
 There may be different methods for performing 
the task. 
 The standard technique for performing the task 
does not work for some food groups. 
 There was no standard method for performing the 
task. 
 There may not be one best procedure for 




Unit standardization (Van de Ven and Ferry, 1980) 
 How many written rules and procedures exist for doing 
your major task 
 How precisely do these rules and procedures specify 
how your major tasks are to be done? 
 To what extent did you follow standard operating 
procedures or practices to do your major task the past 3 
months? 
 What percent of the time do you have written or 
unwritten procedures for dealing with them? 
Impersonal coordination mode (Van De Ven, Delbecq and 
Koenig, 1976) 
 Through formally or informally understood policies 
and procedures for coordinating the work within the 
unit 
 Through predetermined work plans or work schedules 
for coordinating the work within the unit 
 I used written documents/videos which explain 
the procedure for performing the task. 
 I used written/visual materials which clarify how 
to perform the task. 
 I used documents/videos which explain how to 




 Written/visual materials are important training 
tools in learning how to perform the task. 
 It is important to use written documents/videos 
which explain the procedure of performing the 
task. 
 Using written documents/videos which explain 





Personal coordination mode - horizontal (Van De Ven, 
Delbecq and Koenig, 1976) 
 Through the unit supervisor as a coordinator of work 
within the unit 
 Through an assistant unit-supervisor who is responsible 
for coordinating the work within the unit 
Personal coordination mode - vertical (Van De Ven, 
Delbecq and Koenig, 1976) 
 Through a formally designated work coordinator  
 Through informal communication channels (simply 
contacting another unit member who is likely to have 
the desired information) 
 I met with a health professional to learn the 
procedure for performing the task. 
 I met with a health professional who explained 
how to perform the task. 
 I met with a health professional who taught me 
the procedure for performing the task. 
 I met with a health professional who taught me 
the long-term goals to be achieved by performing 
the task. 
 I met with a health professional to learn the long-
term goals to be achieved by performing the task. 
 I met with a health professional who explained 






 Meeting with health professionals who can 
explain how to perform the task is important. 
 Meeting with a health professional who can teach 
how to perform the task is an essential training 
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 It is important to meet with a health professional 
who can explain how to perform the task. 
 Meeting with a health professional who can 
decide long-term goals regarding the task is 
essential. 
 Meeting with a health professional who can set 
long-term goals regarding the task is an important 
educational method. 
 It is an important educational method to meet 
with a health professional who can set long-term 
goals regarding the task. 
Use of group 
classes 
Group coordination mode (Van De Ven, Delbecq and 
Koenig, 1976) 
 Through ha standing committee that meets regularly to 
plan and coordinate the work within the unit 
 Through staff meetings that are held to coordinate the 
work within the unit 
 Through a group brought together for problem solving 
on particular issues relating to the work within the unit 
 I attended into facilitated group meetings where I 
learn how to perform the task. 
 I participated in facilitated group meetings where 
they explain how to perform the task. 
 I participated in facilitated group meetings where 




 Attending into facilitated group meetings where 
they explain how to perform the task is an 
essential educational method. 
 Participating in facilitated group meetings is 
essential for learning how to perform the task. 
  It is important to participate facilitated groups 
where I can learn how perform the task. 
Patient CTE 
satisfaction 
Training satisfaction (Kirkpatrick and Kirkpatrick , 2006) 





Task ability (Meuter et al. 2005) 
 I am fully capable of using the SST. 
 I am confident in my ability to use the SST. 
 Using the SST is well within the scope of my abilities. 
 I do NOT feel I am qualified for the task of ordering a 
prescription refill with the SST. 
 My past experiences increase my confidence that I will 
be able to successfully use the SST. 
 In total, using the SST sometimes involves things that 
are more difficult than I am capable. 
 Now I can perform the task correctly. 
 I am now capable of performing the task 
correctly. 
 I feel like I am qualified to do the task. 





Behavior (Kirkpatrick and Kirkpatrick, 2006) 
Time and energy spent after the program compared to 
time and energy spent before the program 
 I often perform the task. 
 I perform the task regularly. 
 I perform the task during the day. 
Patient 
health 
condition Based on interviews with health educators and education 
materials. 
 My blood glucose-insulin level is better now. 
 I feel that I have more energy now. 
 In general I feel much better now. 







Table A.3 2:  Initial item pool and the initial adapted items used in essay 2 
Constructs Initial item pool Initial adapted item pool 
Role education 
Role clarity – Bitner et al. (2002)  
Do customers know what to do? 
Are they clear about their role? 
Role clarity – Meuter et al. (2005)   
I know what is expected of me if I use 
the SST. 
My educators emphasized that I am 
responsible for responsible for planning 
my meal.  
My educators emphasized that I am 
responsible for counting my carbohydrate 
intake.   
My educators emphasized that I am 






Ability – Bitner et al. (2002)  
Do customers have the ability to access 
and use the SST? 
Are customers likely to perceive that 
they have the needed skills to use the 
SST? 
Ability – Meuter et al. (2005)   
I am fully capable of using the SST. 
I am confident in my ability to use the 
SST. 
Using the SST is well within the scope 
of my abilities. 
I received hands-on experience with how 
to plan my meal. 
I received hands-on experience with how 
to count my carbohydrate intake.   
I received hands-on experience with how 
to measuring my blood glucose level.  
Customer ability  
Consequence 
education 
Motivation – Bitner et al. (2002)  
Do customers rewarded for trying the 
SST and for continuing to use it? 
Do customers receive valued rewards 
for trying the SST? 
Are those rewards visible to customers? 
I was told the benefits of planning my 
meal. 
I was told the benefits of counting my 
carbohydrate intake.   
I was told the benefits of measuring my 






Behavior – Kirkpatrick and Kirkpatrick 
(2006) 
Time and energy spent after the 
program compared to time and energy 
spent before the program 
Customer trial - Meuter et al. (2005) 
Have you successfully completed a 
prescription refill request using the 
SST? 
I now plan my meal regularly.   
I now count my carbohydrate intake 
regularly.   




Recently, I had less healthcare expenses.  
Recently, my health insurance pays less 
to my health providers. 
Health condition 
Recently, I had less visits to emergency 
room. 





Table A.4.2: Initial item pool and the initial adapted items used in essay 3 
Constructs Original items from the literature and source Initial adapted item pool 
Reading 
materials 
Unit standardization (Van de Ven and Ferry, 
1980) 
 How many written rules and procedures exist 
for doing your major task 
 How precisely do these rules and procedures 
specify how your major tasks are to be done? 
 To what extent did you follow standard 
operating procedures or practices to do your 
major task the past 3 months? 
 What percent of the time do you have written 
or unwritten procedures for dealing with 
them? 
Impersonal coordination mode (Van De Ven, 
Delbecq and Koenig, 1976) 
 Through formally or informally understood 
policies and procedures for coordinating the 
work within the unit 
 Through predetermined work plans or work 
schedules for coordinating the work within the 
unit 
 I used written documents/videos 
which explain the procedure for 
performing the task. 
 I used written/visual materials 
which clarify how to perform the 
task. 
 I used documents/videos which 
explain how to perform the task. 
Personal 
meetings 
Personal coordination mode - horizontal (Van 
De Ven, Delbecq and Koenig, 1976) 
 Through the unit supervisor as a coordinator 
of work within the unit 
 Through an assistant unit-supervisor who is 
responsible for coordinating the work within 
the unit 
Personal coordination mode - vertical (Van De 
Ven, Delbecq and Koenig, 1976) 
 Through a formally designated work 
coordinator  
 Through informal communication channels 
(simply contacting another unit member who 
is likely to have the desired information) 
 I met with a health professional to 
learn the procedure for performing 
the task. 
 I met with a health professional 
who explained how to perform the 
task. 
 I met with a health professional 
who taught me the procedure for 
performing the task. 
 I met with a health professional 
who taught me the long-term goals 
to be achieved by performing the 
task. 
 I met with a health professional to 
learn the long-term goals to be 
achieved by performing the task. 
 I met with a health professional 
who explained the long-term goals 




Group coordination mode (Van De Ven, 
Delbecq and Koenig, 1976) 
 Through ha standing committee that meets 
regularly to plan and coordinate the work 
within the unit 
 Through staff meetings that are held to 
coordinate the work within the unit 
 Through a group brought together for problem 
 I attended into facilitated group 
meetings where I learn how to 
perform the task. 
 I participated in facilitated group 
meetings where they explain how 
to perform the task. 
 I participated in facilitated group 
meetings where I could learn about 
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Constructs Original items from the literature and source Initial adapted item pool 
solving on particular issues relating to the 
work within the unit 
the task. 
Trust 
Intimacy (Soteriou and Chase, 1998; Kellogg 
and Chase, 1995) 
 How intimate was the service episode? 
 To what extent did you feel you should share 
all, relevant to the incident, information with 
the receptionist? 
 To what extent did you feel the receptionist 
should share all, relevant to the incident, 
information with you? 
 I feel that the providers of the 
health education care about my 
health. 
Duration 
Communication time (Soteriou and Chase, 1998; 
Kellogg and Chase, 1995) 
 Approximately total of how many 




Training satisfaction (Kirkpatrick and 
Kirkpatrick , 2006) 
 Are you satisfied with (e.g., educators, 




Task ability (Meuter et al. 2005) 
 I am fully capable of using the SST. 
 I am confident in my ability to use the SST. 
 Using the SST is well within the scope of my 
abilities. 
 I do NOT feel I am qualified for the task of 
ordering a prescription refill with the SST. 
 My past experiences increase my confidence 
that I will be able to successfully use the SST. 
 In total, using the SST sometimes involves 
things that are more difficult than I am 
capable. 
 Now I can perform the task 
correctly. 
 I am now capable of performing 
the task correctly. 
 I feel like I am qualified to do the 
task. 
 Performing the task is well within 




Behavior (Kirkpatrick and Kirkpatrick, 2006) 
Time and energy spent after the program 
compared to time and energy spent before the 
program 
 I often perform the task. 
 I perform the task regularly. 




Based on interviews with health educators and 
education materials. 
 My blood glucose-insulin level is 
better now. 
 I feel that I have more energy now. 
 In general I feel much better now. 





Appendix D: Pilot survey 1 
 
Dear Sir or Madam,  
 
We are writing to ask you to participate in our research about diabetes education. This research is being 
conducted by the Department of Management and the Department of Public Health Sciences at Clemson 
University in order to improve diabetes education in South Carolina.  
 
South Carolina citizens have very high rates of diabetes, and many patients and their families suffer 
physically, emotionally and financially from this health condition. Diabetes education is critical in helping 
patients manage their condition and reduce its complications.  
 
Your insights about living with diabetes are very important and will help us improve diabetes education 
programs here in South Carolina. Please fill out this 20 minutes long survey. YOUR HELP WILL HELP 
US TO DESIGN BETTER EDUCATIONAL PROGRAMS TO HELP YOU AND OTHER SOUTH 
CAROLINIANS.  
 
Your participation in this survey is voluntary. Most of the questions are about educational methods used in 
diabetes education. We will not store your name, only your responses. It will not be possible to connect 
your name with your responses. All responses will be kept confidential. You do not need to answer any 
question. If you do not feel comfortable answering a question, you can skip it.  
 
After you complete the survey, put it into the pre-paid return envelope and send it to us. Please do not write 
anything on the return envelope.  
 
As a small expression of our thankfulness, we sent you one dollar. Thank you so much for your time. You 





Department of Management                            
Clemson University  
101 Sirrine Hall 




If you have any questions about your rights as a research participant, you may also contact the Clemson 
University Office of Research Compliance at 864-656-6460. 
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SECTION 1: These questions are about what educational methods were used in your hospital. So, as you 
answer the following questions, think about your experience at your hospital when they taught you how to 













I often had personal meetings with diabetes 
educators to learn how to measure my blood-
glucose level. 
1 2 3 4 5 
My health educators cared about my health. 1 2 3 4 5 
I often had personal meetings with diabetes 
educators to learn how to plan my 
carbohydrate intake. 
1 2 3 4 5 
It was difficult to learn how to use my glucose 
meter. 
1 2 3 4 5 
I often had personal meetings with diabetes 
educators to learn how to track my blood-
glucose level. 
1 2 3 4 5 
I often had personal meetings with diabetes 
educators to learn how to plan what to eat 
during the day. 
1 2 3 4 5 
I often had personal meetings with diabetes 
educators to learn how to plan my meals. 
1 2 3 4 5 
My health educators taught me the benefits of 
planning my meals. 
1 2 3 4 5 
I often had personal meetings with diabetes 
educators to learn how to use my glucose 
meter. 
1 2 3 4 5 
My health educator taught me that planning 
my meals was my responsibility. 
1 2 3 4 5 
My health educators were concerned about my 
health. 
1 2 3 4 5 
My health educators demonstrated how to 
plan my carbohydrate intake. 
1 2 3 4 5 
It was difficult to learn how to track my 
blood-glucose level. 
1 2 3 4 5 
I often had group meetings with educators and 
other patients to learn how to track my blood-
glucose level. 
1 2 3 4 5 
My health educators taught me the benefits of 
using my glucose  
meter. 
1 2 3 4 5 
I often had group meetings with educators and 
other patients to learn how to plan what to eat 
during the day. 
1 2 3 4 5 
I often had group meetings with educators and 
other patients to learn how to measure my 
blood-glucose level. 














My health educators taught me the benefits of 
measuring my blood-glucose level. 
1 2 3 4 5 
It was difficult to learn how to plan what to 
eat during the day.   
1 2 3 4 5 
I often had group meetings with educators and 
other patients to learn how to plan my 
carbohydrate intake. 
1 2 3 4 5 
My health educators taught me the benefits of 
tracking my blood-glucose level.   
1 2 3 4 5 
I often read materials or watched videos to 
learn how to plan my meals. 
1 2 3 4 5 
My health educators showed genuine interest 
in my health. 
1 2 3 4 5 
My health educators gave me hands-on 
training in planning my carbohydrate intake. 
1 2 3 4 5 
My health educators gave me hands-on 
training in measuring my blood-glucose level. 
1 2 3 4 5 
My health educators gave me hands-on 
training in planning my meals. 
1 2 3 4 5 
I often read materials or watched videos to 
learn how to plan what to eat during the day. 
1 2 3 4 5 
I often read materials or watched videos to 
learn how to track my blood-glucose level. 
1 2 3 4 5 
My health educator taught me that planning 
my carbohydrate intake was my responsibility.  
1 2 3 4 5 
It was difficult to learn how to measure my 
blood-glucose level.   
1 2 3 4 5 
My health educators taught me that using my 
glucose meter was my responsibility.  
1 2 3 4 5 
My health educators gave me hands-on 
training in planning what to eat during the 
day. 
1 2 3 4 5 
My health educators taught me that tracking 
my blood-glucose level was my responsibility.  
1 2 3 4 5 
My health educators demonstrated how to use 
my glucose meter. 
1 2 3 4 5 
My health educators cared about me. 1 2 3 4 5 
My health educators taught me the benefits of 
planning what to eat during the day. 
1 2 3 4 5 
It was difficult to learn how to plan my meals.   1 2 3 4 5 
My health educators demonstrated how to 
plan my meals. 














I often read materials or watched videos to 
learn how to measure my blood-glucose level. 
1 2 3 4 5 
My health educators demonstrated how to 
measure my blood-glucose level. 
1 2 3 4 5 
I often had group meetings with educators and 
other patients to learn how to plan my meals. 
1 2 3 4 5 
I often read materials or watched videos to 
learn how to use my glucose meter. 
1 2 3 4 5 
My health educators demonstrated how to 
plan what to eat during the day. 
1 2 3 4 5 
It was difficult to learn how to plan my 
carbohydrate intake.   
1 2 3 4 5 
I often read materials or watched videos to 
learn how to plan my carbohydrate intake. 
1 2 3 4 5 
My health educators taught me the benefits of 
planning my carbohydrate intake. 
1 2 3 4 5 
My health educator taught me that planning 
what to eat during the day was my 
responsibility.  
1 2 3 4 5 
My health educators demonstrated how to 
track my blood-glucose level.   
1 2 3 4 5 
I often had group meetings with educators and 
other patients to learn how to use my glucose 
meter. 
1 2 3 4 5 
My health educators taught me that measuring 
my blood-glucose level was my responsibility. 
1 2 3 4 5 
My health educators gave me hands-on 
training in using my glucose meter. 
1 2 3 4 5 
My health educators gave me hands-on 
training in tracking my blood-glucose level.   
1 2 3 4 5 
 
SECTION 2: These questions are about the effectiveness of the methods and your satisfaction with the 












Personal meetings with diabetes educators 
were helpful in teaching me how to use my 
glucose meter. 
1 2 3 4 5 
I was satisfied with the methods that taught 
me how to plan my meals. 
1 2 3 4 5 
Group meetings with educators and other 
patients were helpful in teaching me how to 
plan my meals. 














Personal meetings with diabetes educators 
were helpful in teaching me how to plan my 
carbohydrate intake. 
1 2 3 4 5 
Reading materials or watching videos were 
helpful in teaching me how to plan what to eat 
during the day. 
1 2 3 4 5 
Personal meetings with diabetes educators 
were helpful in teaching me how to plan my 
meals. 
1 2 3 4 5 
Group meetings with educators and other 
patients were helpful in teaching me how to 
plan my carbohydrate intake. 
1 2 3 4 5 
Reading materials or watching videos helpful 
in teaching me how to measure my blood-
glucose level. 
1 2 3 4 5 
Group meetings with educators and other 
patients were helpful in teaching me how to 
track my blood-glucose level. 
1 2 3 4 5 
The education I received met my expectations 
in learning how to plan my meals. 
1 2 3 4 5 
Reading materials or watching videos were 
helpful in teaching me how to plan my meals. 
1 2 3 4 5 
The education I received met my expectations 
in learning how to measure my blood-glucose 
level. 
1 2 3 4 5 
Reading materials or watching videos were 
helpful in teaching me how to track my blood-
glucose level. 
1 2 3 4 5 
I was satisfied with the education offered by 
my hospital. 
1 2 3 4 5 
Reading materials or watching videos were 
helpful in teaching me how to plan my 
carbohydrate intake. 
1 2 3 4 5 
I felt comfortable with the methods that taught 
me how to measure my blood-glucose level. 
1 2 3 4 5 
Personal meetings with diabetes educators 
were helpful in teaching me how to measure 
my blood-glucose level. 
1 2 3 4 5 
Group meetings with educators and other 
patients were helpful in teaching me how to 
plan what to eat during the day. 
1 2 3 4 5 
Group meetings with educators and other 
patients were helpful in teaching me how to 
measure my blood-glucose level. 
1 2 3 4 5 
I felt comfortable with the methods that taught 
me how to plan my meals. 














Group meetings with educators and other 
patients were helpful in teaching me how to 
use my glucose meter. 
1 2 3 4 5 
Reading materials or watching videos were 
helpful in teaching me how to use my glucose 
meter. 
1 2 3 4 5 
Personal meetings with diabetes educators 
were helpful in teaching me how to plan what 
to eat during the day. 
1 2 3 4 5 
Personal meetings with diabetes educators 
were helpful in teaching me how to track my 
blood-glucose level. 
1 2 3 4 5 
I was satisfied with the methods that taught 
me how to measure my blood-glucose level. 
1 2 3 4 5 
 
SECTION 3: These questions are about your current knowledge, behaviors, your motivation and the 
benefits of managing your diabetes. 
Comparing to before I had diabetes 











…more regularly measure my blood-glucose 
level. 
1 2 3 4 5 
…have more energy. 1 2 3 4 5 
…have had fewer visits to the doctors.  1 2 3 4 5 
…feel more responsible for planning my 
carbohydrate intake.   
1 2 3 4 5 
…feel more responsible for planning my 
meals. 
1 2 3 4 5 
…feel more responsible for tracking my 
blood-glucose level. 
1 2 3 4 5 
…am more motivated to track my blood-
glucose level. 
1 2 3 4 5 
…know more about how to measure my 
blood-glucose level. 
1 2 3 4 5 
…feel more responsible for measuring my 
blood glucose-level. 
1 2 3 4 5 
…know better how to plan what to eat during 
the day. 
1 2 3 4 5 
…have less doctor expenses.  1 2 3 4 5 
…have had fewer visits to the hospital. 1 2 3 4 5 
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Comparing to before I had diabetes 











…am more motivated to use my glucose 
meter.   
1 2 3 4 5 
…know better how to use my glucose meter. 1 2 3 4 5 
…am more motivated to measure my blood 
glucose-level. 
1 2 3 4 5 
…more regularly use my glucose meter. 1 2 3 4 5 
…more regularly plan my carbohydrate 
intake. 
1 2 3 4 5 
…more regularly plan what to eat during the 
day. 
1 2 3 4 5 
…am more motivated to plan my meals. 1 2 3 4 5 
…more regularly track my blood-glucose 
level. 
1 2 3 4 5 
…feel better.  1 2 3 4 5 
…know better how to plan my meals. 1 2 3 4 5 
…have less hospital expenses. 1 2 3 4 5 
…more regularly plan my meals. 1 2 3 4 5 
…feel more responsible for planning what to 
eat during the day. 
1 2 3 4 5 
…my blood glucose level is better.  1 2 3 4 5 
…have had fewer visits to the emergency 
room. 
1 2 3 4 5 
…am more motivated to plan what to eat 
during the day. 
1 2 3 4 5 
…know better how to track my blood-
glucose level. 
1 2 3 4 5 
…know better how to plan my carbohydrate 
intake. 
1 2 3 4 5 
…feel more responsible for using my glucose 
meter.   
1 2 3 4 5 
…have less emergency room expenses.  1 2 3 4 5 
…am more motivated to plan my 
carbohydrate intake.   





Please look at the Nutrition Facts found on a can of 
chili with beans on the right and answer the 
following questions. 
Chili with Beans 
Nutrition Facts 
Serving Size: 1 cup (253 g) 
Serving per container: 4 




 % Daily 
Value 
Total Fat 8g 13 % 
Saturated Fat 3g 17 % 
Cholesterol 130mg 44 % 
Sodium 1010mg 42 % 
Total Carbohydrate 22g 7 % 
Dietary Fiber 9g 36 % 
Sugar 4g  
Protein 25g  
 
How many grams of total carbohydrate do you get if 
you eat one cup of chili with beans? 
22 g 9 g 44 g 25 g 
How many servings of chili and beans do you get 
when you eat the entire can? 
1 2 3 4 
How many grams of sugar do you get when you eat 
half of the can? 
4 g 8 g 25 g 50 g 
 
The following four figures show plates with servings of carbohydrates (carbs), vegetables (veggies) and 
meat. Which one is recommended by your health educators? 
  
  
How often should you check your blood-glucose/sugar level? 
At least once 
a day 
At least once a 
week 
At least once a 
month  
       Never 
From which body part should you get blood to measure your glucose/sugar level? 
Foot Belly Finger Any part 
Which of the following would be an ideal blood-glucose/sugar level, when you wake up? 
50 100        150 200 
Which of the following would be an acceptable blood-glucose/sugar level, two hours after a meal? 




SECTION 4: This section asks about your demographics. 
 
 Approximately how many diabetes educational sessions did you attend during the last year? 
1 2 3 4  More than 4 
Approximately how many hours of diabetes education have you received in the last year? 
3 or less 4 to 6 7 to 9 10 to 12  More than 12  
 
When did you first attend a diabetes education class? 
Within the last 6 months  6 to 12 months ago 1 to 2 years ago More than 2 years 
ago 
When did you last attend a diabetes education class? 
Within the last 6 months 6 to 12 months ago 1 to 2 years ago More than 2 years 
ago 
When were you first diagnosed with diabetes? 
Within the last 6 months 6 to 12 months ago 1 to 2 years ago More than 2 years 
ago 
What type of insurance do you use? (check all that apply) 
Medicare Medicaid Private/Military No insurance 
How much did you personally pay for all of your diabetes education? 
0 to $50 $51 to $100 $101 to $150 Above $150 
How old are you? _________ 
What is your race? 
Caucasian                                    Hispanic                              African-American           Other 
What is your sex?        
Male                                             Female 
Are you married?  
 Yes                                               No 
How many people live in your household including yourself? _______ 
Who prepares the meals in your household? 
I prepare  My spouse prepares We jointly prepare Other 
Before your diabetes education, how frequently did your blood glucose level go above or below 
suggested limits? 
Every day  1 to 2 times a week 1 to 2 times a month I do not 
know 
What is the highest blood glucose level you have ever had? 
Less than 200 201 to 400 401 to 600 Above 600 
Have you ever gone to the emergency room or been hospitalized because of your diabetes? 
       Yes                                 No 
What is your educational level? 





What is your household yearly income? 
Less than $30,000     $30,000 to $60,000 $60,000 to $100,000 Above $100,000 
What is your employment status? 
Full-time      Part-time Unemployed/Disabled  Retired 
 
 
Thank you very much for your time! 
Please mail to:  
Uzay Damali 
Department of Management  
Clemson University  
101 Sirrine Hall 
Clemson, SC 29634-1305 
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Dear Sir or Madam,  
 
Please tell us about your diabetes education experience so that we can improve diabetes education for 
others. After all, who knows more about diabetes education than a person with diabetes. 
 
We are writing to ask you to participate in our research about diabetes education. This research is being 
conducted by your hospital AnMed Health, the Department of Management and the Department of Public 
Health Sciences at Clemson University in order to improve diabetes education in South Carolina.  
 
South Carolina has a very high rate of diabetes, and many patients and their families suffer physically, 
emotionally and financially from this health condition. Diabetes education is critical in helping patients 
manage their condition and reduce its complications. Please fill out this 20 minute survey.  
 
Your participation in this survey is voluntary. Most of the questions are about educational methods used in 
diabetes education. We will not store your name, only your responses. It will not be possible to connect 
your name with your responses. All responses will be kept confidential. You do not need to answer any 
question. If you do not feel comfortable answering a question, you can skip it.  
 
After you complete the survey, put it into the pre-paid return envelope and send it to us. Please do not write 
anything on the return envelope.  
 
Thank you so much for your time. As a small expression of our appreciation, we enclose one dollar for you.  
 






Department of Management  
Clemson University  
101 Sirrine Hall 




If you have any questions about your rights as a research participant, you may contact the Clemson 




SECTION 1: There are two important things people need to do to take care of their diabetes. First, they need to know 
how to measure their blood glucose level using a glucose-meter. Second, they need to know how to plan meals 




  Neither agree 
nor disagree 
  Strongly 
Agree 
It was hard to learn how to track my blood-glucose 
levels. 
1 2 3 4 5 6 7 
It was difficult to learn how to measure my blood-
glucose level.   
1 2 3 4 5 6 7 
It was tough to learn how to use my glucose meter. 1 2 3 4 5 6 7 
It was hard to learn how to plan what to eat during 
the day.   
1 2 3 4 5 6 7 
It was difficult to learn how to plan what 
carbohydrates to eat.  
1 2 3 4 5 6 7 
It was tough to learn how to plan my meals.   1 2 3 4 5 6 7 
 
SECTION 2: People learn how to manage diabetes in different ways. These are: 
Reading information from printed material 
Personal, one-on-one meetings with a diabetes educator 
Attending group classes with other people who have diabetes 





  Neither agree 
nor disagree 
  Strongly 
Agree 
I usually learned how to track my blood-glucose 
levels in group classes. 
1 2 3 4 5 6 7 
I usually learned how to track my blood-glucose 
levels in personal meetings. 
1 2 3 4 5 6 7 
I often learned how to use my blood-glucose meter 
by reading printed materials. 
1 2 3 4 5 6 7 
I frequently learned how to plan what 
carbohydrates to eat in group classes. 
1 2 3 4 5 6 7 
I frequently learned how to measure my blood-
glucose level in personal meetings. 
1 2 3 4 5 6 7 
I often learned how to use my blood-glucose level in 
group classes. 
1 2 3 4 5 6 7 
I frequently learned how to measure my blood-
glucose level by reading printed materials. 
1 2 3 4 5 6 7 
I often learned how to plan my meals in group 
classes. 
1 2 3 4 5 6 7 
I usually learned how to plan what to eat during 
the day in personal meetings. 
1 2 3 4 5 6 7 
I usually learned how to track my blood-glucose 
levels by reading printed materials.  





  Neither agree 
nor disagree 
  Strongly 
Agree 
I frequently learned how to measure my blood-
glucose level in group classes. 
1 2 3 4 5 6 7 
I often learned how to use my blood-glucose meter 
in personal meetings. 
1 2 3 4 5 6 7 
I frequently learned how to plan what 
carbohydrates to eat in personal meetings. 
1 2 3 4 5 6 7 
I often learned how to plan my meals in personal 
meetings. 
1 2 3 4 5 6 7 
I usually learned how to plan what to eat during 
the day in group classes. 
1 2 3 4 5 6 7 
I usually learned how to how to plan what to eat 
during the day by reading printed materials. 
1 2 3 4 5 6 7 
I frequently learned how to plan what 
carbohydrates to eat by reading printed materials. 
1 2 3 4 5 6 7 
I often learned how to plan my meals by reading 
printed materials. 




  Neither agree 
nor disagree 
  Strongly 
Agree 
My health educators gave me hands-on training in 
using my glucose meter. 
1 2 3 4 5 6 7 
My health educators many times explained that 
measuring my blood-glucose level was primarily 
my responsibility. 
1 2 3 4 5 6 7 
My health educators very much emphasized that 
planning what to eat during the day was a key 
responsibility for me.  
1 2 3 4 5 6 7 
It was difficult to believe that my health educator 
fully cared for me. 
1 2 3 4 5 6 7 
My health educators taught me the benefits of using 
my glucose-meter. 
1 2 3 4 5 6 7 
My health educators taught me the benefits of 
measuring my blood-glucose level. 
1 2 3 4 5 6 7 
My health educators gave me hands-on training in 
planning my meals. 
1 2 3 4 5 6 7 





  Neither agree 
nor disagree 
  Strongly 
Agree 
My health educators taught me the benefits of 
tracking my blood-glucose levels.   
1 2 3 4 5 6 7 
My health educators frequently stressed that using 
my glucose meter was an important personal 
responsibility. 
1 2 3 4 5 6 7 
My health educators very much emphasized that 
tracking my blood-glucose levels was a key 
responsibility for me.  
1 2 3 4 5 6 7 
My health educators frequently stressed that 
planning my meals was an important personal 
responsibility. 
1 2 3 4 5 6 7 
I found it a challenge to completely trust my health 
educator. 
1 2 3 4 5 6 7 
My health educators gave me hands-on training in 
measuring my blood-glucose level. 
1 2 3 4 5 6 7 
My health educator did not seem fully concerned 
about me.  
1 2 3 4 5 6 7 
My health educators gave me hands-on training in 
planning what to eat during the day. 
1 2 3 4 5 6 7 
My health educators gave me hands-on training in 
tracking my blood-glucose levels.   
1 2 3 4 5 6 7 
My health educators gave me hands-on training in 
planning what carbohydrates to eat. 
1 2 3 4 5 6 7 
My health educators many times explained that 
planning what carbohydrates to eat was primarily 
my responsibility. 
1 2 3 4 5 6 7 
My health educators taught me the benefits of 
planning what to eat during the day. 
1 2 3 4 5 6 7 
My health educators taught me the benefits of 
planning what carbohydrates to eat. 
1 2 3 4 5 6 7 
My health educators taught me the benefits of 
planning my meals. 
1 2 3 4 5 6 7 
 




  Neither agree 
nor disagree 
  Strongly 
Agree 
Group classes were helpful in teaching me how to 
plan what to eat during the day. 
1 2 3 4 5 6 7 
Reading printed materials was helpful in teaching me 
how to plan what to eat during the day. 
1 2 3 4 5 6 7 
Reading printed materials was helpful in teaching me 
how to measure my blood-glucose level. 
1 2 3 4 5 6 7 
Group classes were helpful in teaching me how to 
measure my blood-glucose level. 
1 2 3 4 5 6 7 
Group classes were helpful in teaching me how to 
plan my meals. 





  Neither agree 
nor disagree 
  Strongly 
Agree 
Personal meetings were helpful in teaching me how to 
track my blood-glucose levels. 
1 2 3 4 5 6 7 
Personal meetings were helpful in teaching me how to 
plan what to eat during the day. 
1 2 3 4 5 6 7 
Reading printed materials was helpful in teaching me 
how to use my glucose meter. 
1 2 3 4 5 6 7 
Group classes were helpful in teaching me how to 
track my blood-glucose levels. 
1 2 3 4 5 6 7 
Personal meetings were helpful in teaching me how to 
measure my blood-glucose level. 
1 2 3 4 5 6 7 
Personal meetings were helpful in teaching me how to 
plan my meals. 
1 2 3 4 5 6 7 
Personal meetings were helpful in teaching me how to 
plan what carbohydrates to eat. 
1 2 3 4 5 6 7 
Reading printed materials was helpful in teaching me 
how to track my blood-glucose levels. 
1 2 3 4 5 6 7 
Reading printed materials was helpful in teaching me 
how to plan what carbohydrates to eat. 
1 2 3 4 5 6 7 
I felt comfortable with the methods that taught me 
how to measure my blood-glucose level. 
1 2 3 4 5 6 7 
Group classes were helpful in teaching me how to use 
my glucose meter. 
1 2 3 4 5 6 7 
I was satisfied with the methods that taught me how 
to measure my blood-glucose level. 
1 2 3 4 5 6 7 
Reading printed materials was helpful in teaching me 
how to plan my meals. 
1 2 3 4 5 6 7 
Group classes were helpful in teaching me how to 
plan what carbohydrates to eat. 
1 2 3 4 5 6 7 
The education I received met my expectations in 
learning how to measure my blood-glucose level. 
1 2 3 4 5 6 7 
Personal meetings were helpful in teaching me how to 
use my glucose meter. 
1 2 3 4 5 6 7 
The education I received met my expectations in 
learning how to plan my meals. 
1 2 3 4 5 6 7 
I felt comfortable with the methods that taught me 
how to plan my meals. 
1 2 3 4 5 6 7 
I was satisfied with the methods that taught me how 
to plan my meals. 





SECTION 4: These questions are about your current knowledge, behaviors, your motivation and the benefits of 
managing your diabetes. 
 
Compared to before I had diabetes 
education, I now… 
Strongly 
Disagree 
  Neither agree 
nor disagree 
  Strongly 
Agree 
…plan my meals exactly as my health providers 
recommend. 
1 2 3 4 5 6 7 
…better understand how to plan what 
carbohydrates to eat. 
1 2 3 4 5 6 7 
…am more motivated to plan my meals. 1 2 3 4 5 6 7 
…measure my blood-glucose level exactly as my 
health providers recommend. 
1 2 3 4 5 6 7 
…am more accepting that it is my responsibility to 
track my blood-glucose levels. 
1 2 3 4 5 6 7 
…track my blood-glucose levels exactly as my 
health providers recommend. 
1 2 3 4 5 6 7 
…am more accepting that it is my responsibility to 
plan what to eat during the day. 
1 2 3 4 5 6 7 
…have fewer emergency room expenses. 1 2 3 4 5 6 7 
…better understand how to measure my blood-
glucose level. 
1 2 3 4 5 6 7 
…have more energy. 1 2 3 4 5 6 7 
…feel better. 1 2 3 4 5 6 7 
…better understand how to plan my meals. 1 2 3 4 5 6 7 
…am more motivated to measure my blood 
glucose-level. 
1 2 3 4 5 6 7 
…have a better blood glucose level. 1 2 3 4 5 6 7 
…am more accepting that it is my responsibility to 
use my glucose meter. 
1 2 3 4 5 6 7 
…am more motivated to track my blood-glucose 
levels. 
1 2 3 4 5 6 7 
“The handle on your recliner 




Compared to before I had diabetes 
education, I now… 
Strongly 
Disagree 
  Neither agree 
nor disagree 
  Strongly 
Agree 
…plan what to eat during the day exactly as my 
health providers recommend. 
1 2 3 4 5 6 7 
…have fewer hospital expenses. 1 2 3 4 5 6 7 
…better understand how to track my blood-glucose 
levels. 
1 2 3 4 5 6 7 
…am more motivated to plan what to eat during 
the day. 
1 2 3 4 5 6 7 
…have better A1C level. 1 2 3 4 5 6 7 
…plan what carbohydrates to eat exactly as my 
health providers recommend. 
1 2 3 4 5 6 7 
…am more accepting that it is my responsibility to 
plan my meals. 
1 2 3 4 5 6 7 
…am more motivated to use my glucose meter.   1 2 3 4 5 6 7 
…better understand how to plan what to eat during 
the day. 
1 2 3 4 5 6 7 
…am more motivated to plan what carbohydrates 
to eat.   
1 2 3 4 5 6 7 
…am more accepting that it is my responsibility to 
measure my blood glucose-level. 
1 2 3 4 5 6 7 
…better understand how to use my glucose meter. 1 2 3 4 5 6 7 
…use my glucose meter exactly as my health 
providers recommend. 
1 2 3 4 5 6 7 
…have fewer doctor expenses.  1 2 3 4 5 6 7 
…am more accepting that it is my responsibility to 
plan what carbohydrates to eat. 
1 2 3 4 5 6 7 
...have fewer hospital visits. 1 2 3 4 5 6 7 
...have fewer doctor visits. 1 2 3 4 5 6 7 





Please look at the Nutrition Facts found on a 
can of chili with beans on the right and answer 
the following questions. 
Chili with Beans 
Nutrition Facts 
Serving Size: 1 cup (253 g) 
Serving per can: 4 
Amount per serving 
Calories 260 Calories from Fat 72 
 % Daily Value 
Total Fat 8g 13 % 
Saturated Fat 3g 17 % 
Cholesterol 130mg 44 % 
Sodium 1010mg 42 % 
Total Carbohydrate 22g 7 % 
Dietary Fiber 9g 36 % 
Sugar 4g  
Protein 25g  
 
How many grams of total carbohydrate do 
you get if you eat one cup of chili with 
beans? 
4 g          12 g          22 g          40g         44 g 
How many servings of chili and beans do 
you get when you eat the entire can?  
1            2                3                4                 5 
How many grams of sugar do you get when 
you eat half of the can? 
4 g          8 g          12 g            22g            44 g 
 
Based on diabetic diet, how many grams of carbohydrate can you eat in a meal?  
None 10 g 30 g      50 g                         70 g 
Which of the following would be the most ideal blood-glucose/sugar level, when you wake up? 
75 100        115 130                        140             
The following five figures show plates with servings of carbohydrates (carbs), vegetables (veggies) and 
meat. Which one is recommended by your health educators? 
                
Which of the following would be the most ideal A1C level? 
4.5 5.5 6.5       7.5                           8.5 
Which of the following body part would be the most ideal to get blood to measure your glucose/sugar 
level? 
Foot Belly Arm       Finger                      Any part 
Which of the following would be the most ideal blood-glucose/sugar level, before dinner? 




SECTION 5: These questions are about the amount of diabetes education along with questions about you.  
 
 How many diabetes educational sessions did you attend during the last two years? 
1 2  3 4 More than 4 
How many hours of diabetes education have you received in the last two years? 
3 or less hours 4 to 6 hours  7 to 9 hours  10 to 12 hours More than 12 h  
 
How many total hours of personal meetings with diabetes educators did you have during the last two 
years 
 
Less than 1 hour 1 to 3 hours 4 to 6 hours 7 to 9 hours  More than 9 h 
 
How many total hours of group classes did you have during the last two years? 
Less than 1 hour 1 to 3 hours 4 to 6 hours 7 to 9 hours More than 9 h 
 
When did you first attend a diabetes education class? 
Within the last 6 
months 
6 to 12 months ago 1 to 2 years ago More than 2 years ago 
 
When did you last attend a diabetes education class? 
Within the last 6 
months  
6 to 12 months ago 1 to 2 years ago More than 2 years ago 
 
When were you first diagnosed with diabetes? 
Within the last 6 
months 
6 to 12 months ago 1 to 2 years ago More than 2 years ago 
 
What type of insurance do you use? (check all that apply) 
Medicare Medicaid Private/Military No insurance 
 
How much did you personally pay for all of your diabetes education? 
0 to $50 $51 to $100 $101 to $150 Above $150 
 





What is your race? 
White Hispanic Black  Other 
 
What is your sex?  
Male Female 
 
Are you married? 
Yes No 
 
How many people live in your household including yourself? _______ 
 
Who prepares the meals in your household? 
I prepare  My spouse prepares We jointly prepare Other 
 
Before your diabetes education, how frequently did your blood glucose level go above or below suggested 
limits? 
Every day  1 to 2 times a week 1 to 2 times a month I do not know 
 
What is the highest blood glucose level you have ever had? 
Less than 200 201 to 400 401 to 600 Above 600 
 
Have you ever gone to the emergency room or been hospitalized because of your diabetes? 
Yes No 
 
What is your educational level? 
Less than high school High school graduate Some college College graduate  
 
What is your household yearly income? 
Less than $30,000 $30,000 to $60,000 $60,000 to $100,000 Above $100,000 
 
What is your employment status? 









“He that can have Patience, can have what he will” 
Benjamin Franklin 
Thank you very much! 
 
Please mail to: 
Uzay Damali 
Department of Management 
Clemson Univerity 
101 Sirrine Hall 




Appendix F: Missing data 
Table A.2.3: Percent missing data for each item used in essay 1 
 
TD-B-1 TD-B-2 TD-B-3 RM-B-1 RM-B-2 RM-B-3 
Percent missing 0.31% 0.31% 1.85% 1.23% 1.23% 0.31% 
 
PM-B-1 PM-B-2 PM-B-3 GC-B-1 GC-B-2 GC-B-3 
Percent missing 0.31% 1.23% 1.23% 1.23% 0.62% 0.93% 
 
RME-B-1 RME-B-2 RME-B-3 PME-B-1 PME-B-2 PME-B-3 
Percent missing 0.62% 0.31% 0.62% 0.31% 0.31% 0.00% 
 
GCE-B-1 GCE-B-2 GCE-B-3 PS-B-1 PS-B-2 PS-B-3 
Percent missing 0.00% 0.93% 0.93% 0.31% 0.31% 0.93% 
 
PK-B-1 PK-B-2 PK-B-3 PB-B-1 PB-B-2 PB-B-3 
Percent missing 0.93% 0.00% 0.93% 0.31% 0.00% 0.31% 
 
O-1 O-2 O-3 O-7 O-4 O-5 
Percent missing 0.31% 0.62% 0.31% 2.78% 0.93% 0.62% 
 
O-6 O-8 O-9 O-10 TD-M-1 TD-M-2 
Percent missing 1.23% 0.93% 0.00% 0.31% 0.62% 0.00% 
 
TD-M-3 RM-M-1 RM-M-2 RM-M-3 PM-M-1 PM-M-2 
Percent missing 0.00% 0.00% 0.31% 0.31% 0.93% 0.93% 
 
PM-M-3 GC-M-1 GC-M-2 GC-M-3 RME-M-1 RME-M-2 
Percent missing 0.31% 0.62% 0.31% 0.62% 0.00% 0.00% 
 
RME-M-3 PME-M-1 PME-M-2 PME-M-3 GCE-M-1 GCE-M-2 
Percent missing 0.00% 0.31% 0.00% 0.00% 0.00% 0.31% 
 
GCE-M-3 PS-M-1 PS-M-2 PS-M-3 PK-M-1 PK-M-2 
Percent missing 0.31% 0.00% 0.31% 0.31% 0.31% 0.00% 
 
PK-M-3 PB-M-1 PB-M-2 PB-M-3   




Table A.3 3: Percent missing data for each item used in essay 2 
 
RE-B-1 RE-B-2 RE-B-3 ST-B-1 ST-B-2 ST-B-3 
Percent missing 0.0% 0.0% 0.6% 0.0% 0.6% 0.6% 
 
BE-B-1 BE-B-2 BE-B-3 PR-B-1 PR-B-2 PR-B-3 
Percent missing 0.3% 1.3% 0.0% 0.0% 0.6% 0.3% 
 
PK-B-1 PK-B-2 PK-B-3 PMo-B-1 PMo-B-2 PMo-B-3 
Percent missing 1.0% 0.3% 1.3% 0.0% 0.3% 0.6% 
 
PB-B-1 PB-B-2 PB-B-3 O-1 O-2 O-3 
Percent missing 0.3% 0.0% 0.6% 0.3% 1.0% 0.3% 
 
O-7 O-4 O-5 O-6 O-8 O-9 
Percent missing 2.9% 1.3% 1.6% 2.3% 1.3% 0.0% 
 
O-10 RE-M-1 RE-M-2 RE-M-3 ST-M-1 ST-M-2 
Percent missing 0.6% 1.0% 0.3% 0.3% 0.0% 1.0% 
 
ST-M-3 BE-M-1 BE-M-2 BE-M-3 PR-M-1 PR-M-2 
Percent missing 1.6% 0.3% 0.0% 0.6% 0.0% 0.6% 
 
PR-M-3 PK-M-1 PK-M-2 PK-M-3 PMo-M-1 PMo-M-2 
Percent missing 0.3% 0.3% 0.6% 0.3% 0.6% 0.6% 
 
PMo-M-3 PB-M-1 PB-M-2 PB-M-3 
  




Table A.4.3: Percent missing data for each item used in essay 3 
 RM-B-1 RM-B-2 RM-B-3 PM-B-1 PM-B-2 PM-B-3 
Percent missing 1.25% 1.25% 0.31% 0.31% 1.25% 1.25% 
 
GC-B-1 GC-B-2 GC-B-3 PS-B-1 PS-B-2 PS-B-3 
Percent missing 1.57% 0.63% 0.94% 0.31% 0.31% 0.94% 
 
PK-B-1 PK-B-2 PK-B-3 PB-B-1 PB-B-2 PB-B-3 
Percent missing 0.94% 0.00% 0.94% 0.31% 0.00% 0.63% 
 
O-1 O-2 O-3 O-7 O-4 O-5 
Percent missing 0.31% 0.63% 0.31% 2.82% 0.94% 0.94% 
 
O-6 O-8 O-9 O-10 RM-M-1 RM-M-2 
Percent missing 1.57% 1.25% 0.00% 0.63% 0.00% 0.31% 
 
RM-M-3 PM-M-1 PM-M-2 PM-M-3 GC-M-1 GC-M-2 
Percent missing 0.31% 0.94% 0.94% 0.31% 0.63% 0.31% 
 
GC-M-3 PS-M-1 PS-M-2 PS-M-3 PK-M-1 PK-M-2 
Percent missing 0.31% 0.31% 0.31% 0.31% 0.31% 0.31% 
 
PK-M-3 PB-M-1 PB-M-2 PB-M-3 NumEduc TimeEdu 
Percent missing 0.31% 0.94% 0.00% 0.94% 0.63% 0.94% 
 
T-1 T-2 T-3 T-4   




Appendix G: Descriptive statistics 
Table A.2.4: Univariate statistics of the perceptual items used in essay 1 
 
TD-B-1 TD-B-2 TD-B-3 RM-B-1 RM-B-2 RM-B-3 PM-B-1 PM-B-2 PM-B-3 
# of cases 324 324 324 324 324 324 324 324 324 
Mean 2.32 2.18 1.98 4.20 4.34 4.44 4.34 4.32 4.29 
Median 2.00 1.00 1.00 4.00 4.49 5.00 4.00 4.00 4.00 
Mode 1.00 1.00 1.00 4.00 7.00 7.00 7.00 7.00 7.00 
Std.Dev 1.80 1.73 1.62 2.04 2.04 2.12 2.34 2.23 2.26 
Skewness 1.38 1.50 1.72 -.21 -.31 -.39 -.27 -.27 -.22 
Kurtosis .88 1.23 2.00 -1.15 -1.07 -1.11 -1.43 -1.31 -1.35 
Minimum 1.00 1.00 .57 1.00 1.00 1.00 1.00 1.00 1.00 
Maximu
m 
7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.11 8.34 
 
GC-B-1 GC-B-2 GC-B-3 RME-B-1 RME-B-2 RME-B-3 PME-B-1 PME-B-2 PME-B-3 
# of cases 324 324 324 324 324 324 324 324 324 
Mean 3.61 3.69 3.83 5.00 5.04 5.09 4.92 4.99 4.96 
Median 4.00 4.00 4.00 5.00 5.00 5.00 5.00 5.50 5.00 
Mode 1.00 1.00 1.00 7.00 7.00 7.00 7.00 7.00 7.00 
Std.Dev 2.36 2.24 2.27 1.83 1.82 1.88 1.98 1.98 1.95 
Skewness .24 .15 .05 -.69 -.72 -.73 -.63 -.68 -.63 
Kurtosis -1.46 -1.41 -1.43 -.39 -.34 -.45 -.74 -.66 -.62 
Minimum 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Maximu
m 
7.00 7.00 7.00 7.00 7.00 7.35 7.00 7.00 7.00 
 
GCE-B-1 GCE-B-2 GCE-B-3 PS-B-1 PS-B-2 PS-B-3 PK-B-1 PK-B-2 PK-B-3 
# of cases 324 324 324 324 324 324 324 324 324 
Mean 4.77 4.67 4.60 5.61 5.96 5.86 6.01 6.01 6.04 
Median 5.00 5.00 5.00 6.00 7.00 7.00 7.00 7.00 7.00 
Mode 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 
Std.Dev 2.12 2.17 2.14 1.72 1.47 1.52 1.36 1.40 1.40 
Skewness -.55 -.51 -.45 -1.16 -1.61 -1.37 -1.66 -1.67 -1.70 
Kurtosis -.97 -1.03 -1.04 .48 2.15 1.29 2.84 2.69 2.81 
Minimum 1.00 .04 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Maximu
m 
7.00 7.00 7.00 7.00 7.00 7.00 7.36 7.00 8.49 
 
PB-B-1 PB-B-2 PB-B-3 O-1 O-2 O-3 O-7 O-4 O-5 
# of cases 324 324 324 324 324 324 324 324 324 
Mean 5.49 5.45 5.60 4.92 5.12 5.64 5.53 4.98 5.32 
Median 6.00 6.00 6.00 5.00 5.00 6.00 6.00 5.00 6.00 
Mode 7.00 7.00 7.00 7.00 7.00 7.00 7.00 4.00 7.00 
Std.Dev 1.66 1.75 1.66 1.83 1.75 1.72 1.66 1.80 1.76 
Skewness -1.02 -1.03 -1.15 -.58 -.72 -1.35 -1.12 -.49 -.73 
 
350 
Kurtosis .28 .14 .59 -.56 -.28 1.02 .64 -.50 -.27 
Minimum 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Maximu
m 
7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 
 
O-6 O-8 O-9 O-10 TD-M-1 TD-M-2 TD-M-3 RM-M-1 RM-M-2 
# of cases 324 324 324 324 324 324 324 324 324 
Mean 5.52 5.33 4.96 5.34 4.26 4.36 4.39 4.47 4.66 
Median 6.00 6.00 4.00 6.00 5.00 5.00 5.00 5.00 5.00 
Mode 7.00 7.00 4.00 7.00 5.00 5.00 5.00 7.00 7.00 
Std.Dev 1.70 1.69 1.77 1.69 2.06 2.09 2.05 2.01 1.93 
Skewness -.81 -.66 -.42 -.67 -.19 -.26 -.31 -.42 -.54 
Kurtosis -.18 -.33 -.54 -.28 -1.21 -1.27 -1.20 -.97 -.76 
Minimum 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Maximu
m 
7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 
 





# of cases 324 324 324 324 324 324 324 324 324 
Mean 4.59 4.04 4.02 4.01 4.25 4.54 4.39 5.41 5.19 
Median 5.00 4.00 4.00 4.00 5.00 5.00 5.00 6.00 5.00 
Mode 5.00 1.00 1.00 1.00 7.00 7.00 7.00 7.00 7.00 
Std.Dev 1.92 2.18 2.19 2.20 2.32 2.24 2.31 1.62 1.71 
Skewness -.49 -.10 -.09 -.07 -.27 -.46 -.38 -.95 -.80 
Kurtosis -.76 -1.34 -1.34 -1.36 -1.44 -1.22 -1.38 .26 -.02 
Minimum 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Maximu
m 

















# of cases 324 324 324 324 324 324 324 324 324 
Mean 5.25 4.89 4.98 4.96 5.06 4.93 5.01 5.51 5.54 
Median 5.00 5.00 5.00 5.00 6.00 5.00 6.00 6.00 6.00 
Mode 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 
Std.Dev 1.69 1.97 1.93 1.93 2.03 2.09 2.08 1.73 1.75 
Skewness -.84 -.62 -.66 -.64 -.79 -.69 -.78 -1.13 -1.17 
Kurtosis .05 -.75 -.66 -.66 -.56 -.77 -.65 .48 .53 
Minimum 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Maximu
m 
7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 
 PS-M-3 PK-M-1 PK-M-2 PK-M-3 PB-M-1 PB-M-2 PB-M-3   
# of cases 324 324 324 324 324 324 324   
Mean 5.55 5.70 5.67 5.73 4.94 4.91 4.59   
Median 6.00 6.00 6.00 6.00 5.00 5.00 5.00   
Mode 7.00 7.00 7.00 7.00 7.00 7.00 5.00   
Std.Dev 1.72 1.54 1.50 1.51 1.75 1.78 1.70   
 
351 
Skewness -1.12 -1.38 -1.42 -1.42 -.67 -.72 -.42   
Kurtosis .40 1.57 1.97 1.64 -.29 -.25 -.37   
Minimum 1.00 1.00 1.00 1.00 1.00 1.00 1.00   
Maximu
m 









# of cases Minimum Maximum Mean Std.Dev Skewness Kurtosis 
PKOM-1 324 0 1 .90 .303 -2.645 5.027 
PKOM-2 324 0 1 .91 .281 -2.958 6.789 
PKOM-3 324 0 1 .69 .461 -.848 -1.289 
PKOM-4 324 0 1 .25 .434 1.160 -.658 
PKOM-5 324 0 1 .69 .461 -.848 -1.289 
PKOM 324 0 9 4.90 2.366 .229 -.360 
PKOB-1 324 0 1 .46 .499 .149 -1.990 
PKOB-2 324 0 1 .30 .459 .880 -1.233 
PKOB-3 324 0 1 .89 .319 -2.437 3.965 
PKOB-4 324 0 1 .40 .492 .392 -1.858 
PKOB 324 0 9 3.82 2.598 .427 -.778 
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# of cases Minimum Maximum Mean Std.Dev Skewness Kurtosis 
C4 – Age  316 18 89 55.69 16.080 -.474 -.529 
C8 – Household 311 0 8 2.44 1.214 1.237 1.996 
C13 – Education 
1 - Less than high school 
2 - High school graduate 
3 - Some college 
4 - College graduate 
318 1 4 2.79 1.010 -.263 -1.079 
C14 – Income 
1 - Less than $30,000 
2 - $30,000 to $60,000 
3 - $60,000 to $100,000 
4 - Above $100,000 
285 1 4 1.91 .926 .691 -.499 
C11 – Blood glucose level 
1 - Less than 200 
2 - 201 to 400 
3 - 401 to 600 
4 - Above 600 
317 1 4 2.00 .819 .661 .124 
D5 – First education 
1 - Within the last 6 
months          
2 - 6 to 12 months ago 
3 - 1 to 2 years ago 
4 - More than 2 years ago 
311 1 4 2.46 1.021 .091 -1.105 
D6 – Last education 
1 - Within the last 6 
months          
2 - 6 to 12 months ago 
3 - 1 to 2 years ago 
4 - More than 2 years ago 
312 1 4 2.15 .930 .305 -.860 
C1 – First diagnosed 
1 - Within the last 6 
months          
2 - 6 to 12 months ago 
3 - 1 to 2 years ago 
4 - More than 2 years ago 
317 1 4 3.13 1.026 -.803 -.659 
C3 – Cost 
1 - 0 to $50 
2 - $51 to $100 
3 - $101 to $150 
4 - Above $150 
306 1 4 1.53 1.015 1.701 1.325 
 
354 
Table A.2.7: Descriptive statistics of the nominal and categorical variable used in essay 1 
 
 




# of cases 324 322 309 311 323 319 323 315 
Mean 2.90 1.36 1.65 1.31 1.95 2.76 1.83 2.78 
Median 3.00 1.00 2.00 1.00 2.00 3.00 2.00 3.00 
Mode 2 1 2 1 1 4 2 3 
Skewness 1.377 .782 .479 .464 1.022 1.239 .374 1.417 
Std dev .381 1.829 -.619 .816 .427 -.458 -1.792 .196 
Kurtosis -.882 1.677 -1.627 -1.343 -1.323 -1.421 1.220 -1.105 
Minimum 1 1 1 1 1 1 1 1 
Maximum 6 4 2 2 4 4 2 5 
 
Hospital Freq. Perc. Race Freq. Perc. Gender Freq Perc. Marriage Freq. Perc. 
1 – EB 49 14.8 1 – White 263 79.2 1 – Male 109 32.8 1 – Yes 214 64.5 
2 - SR 107 32.2 2 – Hispanic 6 1.8 2 – Female 200 60.2 2 – No 97 29.2 
3 – LM 54 16.3 3 – Black 49 14.8       
4 – AM 63 19.0 4 – Other 4 1.2       
5 – OM  42 12.7          




Freq Perc Employ Freq. Perc. Emergency Freq. Perc. Insurance Freq. Perc. 
1 – I 
prep 
157 47.3 
1 – Fulltime 
92 27.7 
1 – Yes 







2 – Part-time 
15 4.5 

















4 – Retired 
123 37.0 
   4 – No 
22 6.6 






Table A.3 4: Univariate statistics of the perceptual items used in essay 2   
 
RE-B-1* RE-B-2* RE-B-3* ST-B-1 ST-B-2 ST-B-3 BE-B-1 BE-B-2 BE-B-3 
# of cases 309 309 309 309 309 309 309 309 309 
Mean 6.13 6.11 6.10 5.57 5.40 5.20 5.80 5.86 5.69 
Median 7.00 7.00 7.00 6.00 6.00 6.00 6.00 7.00 6.00 
Mode 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 
Std.Dev 1.39 1.49 1.33 1.82 1.98 2.24 1.62 1.63 1.79 
Skewness -2.04 -2.01 -1.96 -1.26 -1.05 -.91 -1.51 -1.65 -1.41 
Kurtosis 4.12 3.66 4.12 .58 -.14 -.70 1.66 2.09 1.04 
Minimum 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Maximu
m 
7.00 7.00 7.00 7.00 7.00 7.35 7.00 7.32 7.00 
 
PR-B-1* PR-B-2* PR-B-3* PK-B-1 PK-B-2 PK-B-3 PMo-B-1 PMo-B-2 PMo-B-3 
# of cases 309 309 309 309 309 309 309 309 309 
Mean 6.14 6.08 6.12 6.03 6.02 6.06 5.86 5.77 5.69 
Median 7.00 7.00 7.00 7.00 7.00 7.00 7.00 6.00 6.00 
Mode 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 
Std.Dev 1.26 1.37 1.39 1.33 1.39 1.35 1.53 1.59 1.60 
Skewness -1.93 -1.92 -1.86 -1.62 -1.70 -1.73 -1.47 -1.43 -1.37 
Kurtosis 4.17 3.80 3.37 2.82 2.78 2.99 1.74 1.48 1.36 
Minimum 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Maximu
m 
7.00 7.00 7.00 8.06 7.00 7.00 7.00 7.29 7.00 
 
PB-B-1 PB-B-2 PB-B-3 O-1 O-2 O-3 O-7 O-4 O-5 
# of cases 309 309 309 309 309 309 309 309 309 
Mean 5.52 5.46 5.64 4.93 5.11 5.69 5.58 5.02 5.31 
Median 6.00 6.00 6.00 5.00 5.00 6.00 6.00 5.00 6.00 
Mode 7.00 7.00 7.00 7.00 7.00 7.00 7.00 4.00 7.00 
Std.Dev 1.64 1.73 1.63 1.87 1.78 1.68 1.63 1.80 1.76 
Skewness -1.03 -1.01 -1.17 -.60 -.73 -1.39 -1.16 -.50 -.71 
Kurtosis .30 .13 .67 -.60 -.30 1.23 .80 -.53 -.30 
Minimum 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Maximu
m 
7.00 7.00 7.00 7.00 7.04 7.00 7.00 7.14 7.00 
 
O-6 O-8 O-9 O-10 RE-M-1* RE-M-2* RE-M-3* ST-M-1 ST-M-2 
# of cases 309 309 309 309 309 309 309 309 309 
Mean 5.57 5.36 4.98 5.36 6.19 5.90 6.04 5.48 5.55 
Median 6.00 6.00 4.00 6.00 7.00 7.00 7.00 6.00 6.00 
Mode 7.00 7.00 4.00 7.00 7.00 7.00 7.00 7.00 7.00 
Std.Dev 1.66 1.68 1.76 1.69 1.32 1.50 1.38 1.79 1.74 
Skewness -.81 -.64 -.42 -.67 -2.06 -1.51 -1.72 -1.15 -1.19 
Kurtosis -.18 -.39 -.57 -.31 4.38 1.82 2.77 .42 .51 
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Minimum 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Maximu
m 
7.00 7.00 7.00 7.00 7.31 7.04 7.00 7.00 7.09 
 
ST-M-3 BE-M-1 BE-M-2 BE-M-3 PR-M-1* PR-M-2* PR-M-3* PK-M-1 PK-M-2 
# of cases 309 309 309 309 309 309 309 309 309 
Mean 5.39 5.85 5.87 5.86 6.05 5.87 5.98 5.70 5.66 
Median 6.00 6.00 6.00 6.00 7.00 6.00 6.01 6.00 6.00 
Mode 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 
Std.Dev 1.83 1.49 1.50 1.49 1.37 1.47 1.38 1.57 1.50 
Skewness -1.03 -1.43 -1.47 -1.47 -1.95 -1.59 -1.65 -1.39 -1.42 
Kurtosis .06 1.58 1.58 1.75 4.17 2.36 2.75 1.55 2.00 
Minimum 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Maximu
m 
7.00 7.00 7.00 7.07 7.00 7.00 7.00 7.00 7.10 
 PK-M-3 PMo-M-1 PMo-M-2 PMo-M-3 PB-M-1 PB-M-2 PB-M-3   
# of cases 309 309 309 309 309 309 309   
Mean 5.72 5.48 5.54 5.26 4.93 4.92 4.59   
Median 6.00 6.00 6.00 5.00 5.00 5.00 5.00   
Mode 7.00 7.00 7.00 7.00 7.00 7.00 5.00   
Std.Dev 1.52 1.61 1.66 1.59 1.73 1.78 1.73   
Skewness -1.36 -1.03 -1.24 -.90 -.64 -.70 -.43   
Kurtosis 1.41 .50 .89 .42 -.26 -.25 -.45   
Minimum 1.00 1.00 1.00 1.00 1.00 1.00 1.00   
Maximu
m 




Table A.3.5: Univariate statistics of the objective measure of patient knowledge used in 
essay 2 
 
# of cases Minimum Maximum Mean Std.Dev Skewness Kurtosis 
PKOM-1 309 0 1 0.89 0.313 -2.505 4.3 
PKOM-2 309 0 1 0.91 0.292 -2.799 5.873 
PKOM-3 309 0 1 0.69 0.462 -0.839 -1.305 
PKOM-4 309 0 1 0.24 0.429 1.206 -0.549 
PKOM-5 309 0 1 0.69 0.462 -0.839 -1.305 
PKOM 309 0 9 4.89 2.350 0.223 -0.316 
PKOB-1 309 0 1 0.46 0.499 0.163 -1.986 
PKOB-2 309 0 1 0.29 0.455 0.923 -1.155 
PKOB-3 309 0 1 0.89 0.309 -2.559 4.576 
PKOB-4 309 0 1 0.39 0.49 0.432 -1.825 
PKOB 309 0 9 3.72 2.579 0.477 -0.757 
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# of cases Minimum Maximum Mean Std.Dev Skewness Kurtosis 
C4 – Age  301 18 89 55.97 16.056 -0.469 -0.462 
C8 – Household 294 0 8 2.40 1.178 1.155 1.881 
C13 – Education 
1 - Less than high school 
2 - High school graduate 
3 - Some college 
4 - College graduate 
303 1 4 2.76 0.989 -0.183 -1.075 
C14 – Income 
1 - Less than $30,000 
2 - $30,000 to $60,000 
3 - $60,000 to $100,000 
4 - Above $100,000 
272 1 4 1.86 0.902 0.765 -0.322 
C11 – Blood glucose level 
1 - Less than 200 
2 - 201 to 400 
3 - 401 to 600 
4 - Above 600 
300 1 4 2.00 0.81 0.647 0.146 
D5 – First education 
1 - Within the last 6 
months          
2 - 6 to 12 months ago 
3 - 1 to 2 years ago 
4 - More than 2 years ago 
298 1 4 2.5 1.026 0.028 -1.126 
D6 – Last education 
1 - Within the last 6 
months          
2 - 6 to 12 months ago 
3 - 1 to 2 years ago 
4 - More than 2 years ago 
298 1 4 2.18 0.949 0.256 -0.948 
C1 – First diagnosed 
1 - Within the last 6 
months          
2 - 6 to 12 months ago 
3 - 1 to 2 years ago 
4 - More than 2 years ago 
303 1 4 3.17 1.006 -0.847 -0.57 
C3 – Cost 
1 - 0 to $50 
2 - $51 to $100 
3 - $101 to $150 
4 - Above $150 
289 1 4 1.53 1.004 1.703 1.354 
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Table A.3.7: Descriptive statistics of the nominal and categorical variable used in essay 2 
 




# of cases 309 307 293 291 308 303 306 299 
Median 3.00 1.00 2.00 1.00 2.00 3.00 2.00 3.00 
Mode 2 1 2 1 1 4 2 3 
Skewness .352 1.847 -.673 .678 .472 -.492 -1.736 .199 
Kurtosis -.884 1.758 -1.558 -1.551 -1.271 -1.366 1.019 -1.142 
Minimum 1 1 1 1 1 1 1 1 
Maximum 6 4 2 2 4 4 2 5 
 
Hospital Freq Perc Race Freq Perc. Gender Freq Perc Marriage Freq Perc 
1 – EB 48 15.5 1 – White 251 81.2 1 – Male 100 32.4 1 – Yes 192 62.1 
2 - SR 98 31.7 2 – Hispanic 6 1.9 2 –Female 193 62.5 2 – No 99 32.0 
3 – LM 54 17.5 3 – Black 46 14.9       
4 – AM 62 20.1 4 – Other 4 1.3       
5 – OM  39 12.6          




Freq Perc Employ Freq Perc. Emergency Freq Perc Insurance Freq Perc 
1 – I 
prep 

















89 28.8    3 – Private 103 33.3 
4 – 
Other 
19 6.1 4 – Retired 
11
6 
37.5    4 – No 22 7.1 






Table A.4.4:Univariate statistics of the perceptual item 
 
RM-B-1 RM-B-2 RM-B-3 PM-B-1 PM-B-2 PM-B-3 GC-B-1 GC-B-2 GC-B-3 
# of cases 319.00 319.00 319.00 319.00 319.00 319.00 319.00 319.00 319.00 
Mean 4.23 4.37 4.46 4.36 4.32 4.29 3.59 3.63 3.79 
Median 4.00 5.00 5.00 5.00 4.00 4.00 4.00 4.00 4.00 
Mode 4.00 7.00 7.00 7.00 7.00 7.00 1.00 1.00 1.00 
Std.Dev 2.05 2.04 2.12 2.34 2.25 2.26 2.36 2.24 2.27 
Skewness -0.23 -0.31 -0.40 -0.30 -0.26 -0.24 0.25 0.20 0.09 
Kurtosis -1.18 -1.08 -1.11 -1.42 -1.33 -1.37 -1.46 -1.39 -1.43 
Minimum 0.70 1.00 1.00 1.00 1.00 1.00 0.65 1.00 1.00 
Maximu
m 
7.00 7.00 7.00 7.00 7.62 7.67 7.00 7.00 7.00 
 
PS-B-1 PS-B-2 PS-B-3 PK-B-1 PK-B-2 PK-B-3 PB-B-1 PB-B-2 PB-B-3 
# of cases 319.00 319.00 319.00 319.00 319.00 319.00 319.00 319.00 319.00 
Mean 5.62 6.00 5.85 6.02 6.01 6.05 5.50 5.45 5.62 
Median 6.00 7.00 7.00 7.00 7.00 7.00 6.00 6.00 6.00 
Mode 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 
Std.Dev 1.72 1.44 1.53 1.34 1.40 1.37 1.65 1.74 1.64 
Skewness -1.20 -1.65 -1.39 -1.63 -1.69 -1.74 -1.01 -1.01 -1.17 
Kurtosis 0.59 2.34 1.38 2.74 2.76 2.93 0.27 0.12 0.65 
Minimum 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Maximu
m 
7.00 7.00 7.00 7.25 7.00 7.21 7.00 7.00 7.00 
 
O-1 O-2 O-3 O-7 O-4 O-5 O-6 O-8 O-9 
# of cases 319.00 319.00 319.00 319.00 319.00 319.00 319.00 319.00 319.00 
Mean 4.92 5.10 5.64 5.56 4.97 5.31 5.53 5.32 4.97 
Median 5.00 5.00 6.00 6.00 4.91 6.00 6.00 6.00 4.00 
Mode 7.00 7.00 7.00 7.00 4.00 7.00 7.00 7.00 4.00 
Std.Dev 1.84 1.77 1.71 1.62 1.78 1.74 1.69 1.68 1.75 
Skewness -0.60 -0.74 -1.35 -1.14 -0.47 -0.70 -0.80 -0.63 -0.43 
Kurtosis -0.54 -0.27 1.05 0.72 -0.48 -0.30 -0.21 -0.36 -0.52 
Minimum 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Maximu
m 
7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 
 
O-10 RM-M-1 RM-M-2 RM-M-3 PM-M-1 PM-M-2 PM-M-3 GC-M-1 GC-M-2 
# of cases 319.00 319.00 319.00 319.00 319.00 319.00 319.00 319.00 319.00 
Mean 5.33 4.48 4.69 4.61 4.07 4.02 4.02 4.25 4.49 
Median 6.00 5.00 5.00 5.00 4.00 4.00 4.00 5.00 5.00 
Mode 7.00 7.00 7.00 5.00 1.00 1.00 1.00 7.00 7.00 
Std.Dev 1.68 2.00 1.91 1.90 2.19 2.21 2.20 2.32 2.26 
Skewness -0.65 -0.43 -0.56 -0.51 -0.11 -0.08 -0.07 -0.26 -0.42 
Kurtosis -0.30 -0.96 -0.71 -0.71 -1.34 -1.37 -1.37 -1.45 -1.27 
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Minimum 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Maximu
m 
7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 
 
GC-M-3 PS-M-1 PS-M-2 PS-M-3 PK-M-1 PK-M-2 PK-M-3 PB-M-1 PB-M-2 
# of cases 319.00 319.00 319.00 319.00 319.00 319.00 319.00 319.00 319.00 
Mean 4.35 5.51 5.54 5.54 5.70 5.65 5.70 4.94 4.91 
Median 5.00 6.00 6.00 6.00 6.00 6.00 6.00 5.00 5.00 
Mode 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 5.00 
Std.Dev 2.33 1.72 1.73 1.72 1.54 1.51 1.54 1.73 1.77 
Skewness -0.34 -1.12 -1.18 -1.12 -1.39 -1.41 -1.41 -0.67 -0.71 
Kurtosis -1.43 0.47 0.56 0.39 1.59 1.87 1.55 -0.29 -0.24 
Minimum 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Maximu
m 





TimeEdu T-1 T-2 T-3 T-4   
# of cases 319.00 319.00 319.00 319.00 319.00 319.00 319.00   
Mean 4.58 2.26 2.24 2.80 2.24 1.99 1.97   
Median 5.00 2.00 2.00 2.00 1.00 1.00 1.00   
Mode 5.00 1.00 1.00 1.00 1.00 1.00 1.00   
Std.Dev 1.72 1.28 1.16 2.25 1.95 1.79 1.77   
Skewness -0.42 0.72 0.67 0.87 1.41 1.78 1.86   
Kurtosis -0.39 -0.60 -0.41 -0.81 0.63 1.96 2.25   
Minimum 0.31 1.00 1.00 0.49 1.00 1.00 1.00   
Maximu
m 
7.00 5.00 5.00 7.00 7.00 7.00 7.00   
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Table A.4.5: Descriptive statistics of the continuous and ordinal control measures 
 
# of cases Minimum Maximum Mean Std.Dev Skewness Kurtosis 
C4 – Age  312.00 18.00 89.00 55.88 16.05 -0.51 -0.51 
C8 – Household 308.00 0.00 8.00 2.41 1.20 1.30 2.27 
C13 – Education 
1 - Less than high school 
2 - High school graduate 
3 - Some college 
4 - College graduate 
315.00 1.00 4.00 2.78 1.01 -0.25 -1.08 
C14 – Income 
1 - Less than $30,000 
2 - $30,000 to $60,000 
3 - $60,000 to $100,000 
4 - Above $100,000 
283.00 1.00 4.00 1.91 0.93 0.70 -0.48 
C11 – Blood glucose level 
1 - Less than 200 
2 - 201 to 400 
3 - 401 to 600 
4 - Above 600 
313.00 1.00 4.00 1.98 0.81 0.69 0.20 
D5 – First education 
1 - Within the last 6 months          
2 - 6 to 12 months ago 
3 - 1 to 2 years ago 
4 - More than 2 years ago 
313.00 1.00 4.00 2.46 1.02 0.08 -1.11 
D6 – Last education 
1 - Within the last 6 months          
2 - 6 to 12 months ago 
3 - 1 to 2 years ago 
4 - More than 2 years ago 
313.00 1.00 4.00 2.13 0.92 0.29 -0.86 
C1 – First diagnosed 
1 - Within the last 6 months          
2 - 6 to 12 months ago 
3 - 1 to 2 years ago 
4 - More than 2 years ago 
318.00 1.00 4.00 3.13 1.02 -0.82 -0.63 
C3 – Cost 
1 - 0 to $50 
2 - $51 to $100 
3 - $101 to $150 
4 - Above $150 
307.00 1.00 4.00 1.53 1.01 1.71 1.34 
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Table A.4.6: Descriptive statistics of the nominal and categorical variable 
 




# of cases 319.00 318.00 305.00 306.00 319.00 315.00 318.00 314.00 
Mean 2.91 1.36 1.66 1.32 1.95 2.77 1.84 2.77 
Median 3.00 1.00 2.00 1.00 2.00 3.00 2.00 3.00 
Mode 2.00 1.00 2.00 1.00 1.00 4.00 2.00 3.00 
Skewness 1.38 0.79 0.48 0.47 1.03 1.24 0.37 1.43 
Std dev 0.37 1.81 -0.66 0.79 0.45 -0.47 -1.86 0.20 
Kurtosis -0.89 1.60 -1.58 -1.38 -1.29 -1.42 1.47 -1.13 
Minimum 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Maximum 6.00 4.00 2.00 2.00 4.00 4.00 2.00 5.00 
 
Hospital Freq Perc Race Freq Perc Gender Freq Perc Marriage Freq Perc 
1 – EB 49 15.4 1 – White 259 81.2 1 – Male 105 32.9 1 – Yes 209 65.5 
2 - SR 104 32.6 2 – Hispanic 6 1.9 2 – Female 200 62.7 2 – No 97 30.4 
3 – LM 53 16.6 3 – Black 49 15.4       
4 – AM 63 19.7 4 – Other 4 1.3       
5 – OM  41 12.9          
6 - CM 9 2.8          
 
Food prep Freq Perc Employ Freq Perc Emergency Freq Perc Insurance Freq Perc 
1 – I prep 156 48.9 1 – Fulltime 91 28.5 1 – Yes 51 16.0 1 – Medicare 91 28.5 
2 – Spouse 
prep 
43 13.5 
2 – Part-time 
14 4.4 
2 – No 
267 83.7 
2 – Medicaid 
31 9.7 
3 – Joint 
prep 
100 31.3 3 – 
Unemployed 
87 27.3 
   3 – Private 
110 34.5 
4 – Other 20 6.3 4 – Retired 123 38.6    4 – No 23 7.2 







Appendix H: Bivariate correlations 
Table A.2.8: Correlation matrix for the task of measuring blood glucose level perceptual 














































































































TD-B-1 1.00                    
TD-B-2 0.76 1.00                   
TD-B-3 0.66 0.75 1.00                  
RM-B-1 0.08 0.01 0.09 1.00                 
RM-B-2 0.07 -0.03 0.06 0.73 1.00                
RM-B-3 0.06 0.04 0.08 0.62 0.65 1.00               
PM-B-1 0.04 0.12 0.16 -0.01 -0.08 0.03 1.00              
PM-B-2 0.09 0.06 0.08 0.01 -0.03 0.00 0.68 1.00             
PM-B-3 0.11 0.09 0.12 -0.03 -0.08 -0.07 0.60 0.71 1.00            
GC-B-1 0.13 0.15 0.16 0.01 0.03 -0.03 0.04 0.04 0.10 1.00           
GC-B-2 0.07 0.07 0.10 0.00 0.00 -0.05 0.09 0.07 0.20 0.68 1.00          
GC-B-3 0.04 0.05 0.08 0.03 0.05 0.04 0.06 0.15 0.14 0.72 0.77 1.00         
RME-B-1 0.10 -0.01 0.04 0.61 0.50 0.53 -0.02 0.03 0.00 -0.03 0.00 0.02 1.00        
RME-B-2 0.13 0.01 0.04 0.56 0.47 0.49 -0.02 0.02 -0.01 0.02 0.01 0.05 0.83 1.00       
RME-B-3 0.15 0.03 0.09 0.60 0.52 0.55 -0.05 0.01 -0.04 -0.04 -0.07 0.00 0.86 0.81 1.00      
PME-B-1 0.10 0.09 0.13 -0.02 -0.08 -0.03 0.48 0.54 0.56 0.07 0.10 0.09 0.19 0.17 0.15 1.00     
PME-B-2 0.09 0.01 0.05 -0.01 0.00 -0.02 0.42 0.49 0.50 0.05 0.10 0.07 0.18 0.18 0.16 0.79 1.00    
PME-B-3 0.09 0.03 0.08 -0.04 -0.05 -0.02 0.46 0.50 0.56 0.07 0.12 0.09 0.17 0.14 0.13 0.81 0.82 1.00   
GCE-B-1 0.09 0.06 0.05 -0.07 -0.02 -0.10 0.10 0.08 0.18 0.58 0.63 0.56 0.07 0.13 0.04 0.35 0.35 0.32 1.00  
GCE-B-2 0.12 0.10 0.10 -0.04 0.01 -0.07 0.10 0.11 0.18 0.61 0.60 0.59 0.11 0.14 0.06 0.30 0.33 0.30 0.89 1.00 
GCE-B-3 0.14 0.13 0.15 -0.05 -0.02 -0.07 0.06 0.06 0.14 0.58 0.59 0.58 0.08 0.12 0.07 0.30 0.28 0.29 0.84 0.88 
PS-B-1 0.00 -0.09 0.04 -0.04 -0.02 -0.06 0.20 0.21 0.27 0.30 0.31 0.31 0.11 0.18 0.12 0.50 0.47 0.49 0.49 0.47 
PS-B-2 -0.07 -0.16 -0.10 0.07 0.06 0.02 0.21 0.25 0.24 0.16 0.20 0.17 0.21 0.27 0.21 0.39 0.45 0.41 0.35 0.34 
PS-B-3 -0.01 -0.11 -0.04 0.04 0.02 -0.03 0.18 0.25 0.25 0.20 0.27 0.25 0.17 0.24 0.15 0.43 0.46 0.42 0.41 0.38 
PK-B-1 -0.09 -0.10 -0.10 0.04 0.00 0.02 0.12 0.20 0.19 0.19 0.27 0.25 0.22 0.29 0.20 0.28 0.31 0.33 0.37 0.32 
PK-B-2 -0.02 -0.08 -0.06 -0.01 -0.03 -0.02 0.13 0.23 0.24 0.17 0.24 0.19 0.18 0.26 0.19 0.32 0.36 0.38 0.35 0.31 
PK-B-3 -0.01 -0.10 -0.04 0.11 0.08 0.09 0.10 0.19 0.25 0.18 0.27 0.24 0.27 0.32 0.28 0.28 0.31 0.34 0.33 0.32 
PB-B-1 0.02 -0.07 -0.04 0.13 0.10 0.06 -0.01 0.03 0.06 0.13 0.16 0.14 0.25 0.29 0.21 0.26 0.23 0.23 0.30 0.25 
PB-B-2 0.03 -0.06 -0.07 0.12 0.09 0.06 0.00 0.05 0.11 0.10 0.18 0.15 0.24 0.28 0.21 0.29 0.27 0.29 0.29 0.23 
PB-B-3 0.05 -0.05 -0.05 0.04 0.01 -0.01 0.04 0.08 0.16 0.09 0.16 0.12 0.20 0.23 0.17 0.31 0.31 0.32 0.27 0.24 
O-1 -0.02 -0.08 -0.04 0.12 0.12 0.08 0.07 0.07 0.08 0.05 0.17 0.15 0.23 0.25 0.19 0.14 0.18 0.20 0.32 0.25 
O-2 0.01 -0.08 -0.02 0.09 0.11 0.04 0.07 0.10 0.10 0.09 0.18 0.18 0.18 0.21 0.17 0.20 0.20 0.24 0.31 0.28 
O-3 0.02 -0.08 -0.01 0.06 0.09 0.05 0.06 0.15 0.11 0.13 0.18 0.20 0.20 0.23 0.18 0.27 0.29 0.32 0.35 0.29 
O-7 0.02 -0.09 -0.08 0.08 0.12 0.11 0.00 0.08 0.05 0.08 0.14 0.18 0.21 0.25 0.18 0.16 0.21 0.21 0.28 0.24 
O-4 0.08 0.02 0.04 0.12 0.07 0.06 0.07 0.04 0.01 0.11 0.22 0.17 0.16 0.26 0.15 0.18 0.24 0.23 0.31 0.25 
O-5 0.07 0.06 0.07 0.07 0.06 0.11 0.11 0.07 0.05 0.14 0.18 0.13 0.21 0.25 0.17 0.13 0.14 0.22 0.21 0.20 
O-6 0.14 0.08 0.12 0.19 0.19 0.19 0.03 0.02 0.02 0.09 0.14 0.10 0.20 0.23 0.21 0.12 0.14 0.18 0.18 0.19 
O-8 0.08 0.02 0.07 0.17 0.08 0.13 0.07 0.03 0.01 0.06 0.15 0.08 0.21 0.25 0.21 0.12 0.14 0.17 0.15 0.16 
O-9 0.05 0.04 0.11 0.14 0.09 0.08 0.06 -0.01 -0.04 0.08 0.14 0.08 0.18 0.23 0.17 0.13 0.15 0.18 0.20 0.17 
O-10 0.09 0.04 0.09 0.12 0.07 0.10 0.08 0.04 0.03 0.10 0.16 0.11 0.19 0.21 0.16 0.11 0.14 0.18 0.16 0.18 
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TD-B-1                     
TD-B-2                     
TD-B-3                     
RM-B-1                     
RM-B-2                     
RM-B-3                     
PM-B-1                     
PM-B-2                     
PM-B-3                     
GC-B-1                     
GC-B-2                     
GC-B-3                     
RME-B-1                     
RME-B-2                     
RME-B-3                     
PME-B-1                     
PME-B-2                     
PME-B-3                     
GCE-B-1                     
GCE-B-2                     
GCE-B-3 1.00                    
PS-B-1 0.48 1.00                   
PS-B-2 0.32 0.66 1.00                  
PS-B-3 0.39 0.72 0.82 1.00                 
PK-B-1 0.31 0.49 0.57 0.57 1.00                
PK-B-2 0.31 0.47 0.62 0.56 0.75 1.00               
PK-B-3 0.37 0.48 0.54 0.52 0.77 0.72 1.00              
PB-B-1 0.24 0.38 0.37 0.38 0.51 0.41 0.52 1.00             
PB-B-2 0.19 0.39 0.38 0.39 0.46 0.41 0.47 0.85 1.00            
PB-B-3 0.19 0.35 0.39 0.39 0.53 0.44 0.59 0.79 0.77 1.00           
O-1 0.24 0.28 0.34 0.29 0.43 0.43 0.43 0.52 0.49 0.50 1.00          
O-2 0.28 0.33 0.33 0.31 0.44 0.43 0.43 0.54 0.50 0.50 0.91 1.00         
O-3 0.25 0.40 0.40 0.42 0.54 0.48 0.51 0.56 0.51 0.54 0.67 0.72 1.00        
O-7 0.17 0.27 0.28 0.29 0.44 0.36 0.43 0.51 0.47 0.46 0.59 0.62 0.76 1.00       
O-4 0.22 0.32 0.33 0.32 0.45 0.39 0.39 0.43 0.44 0.47 0.56 0.55 0.49 0.50 1.00      
O-5 0.18 0.25 0.29 0.26 0.48 0.39 0.42 0.36 0.32 0.37 0.45 0.42 0.40 0.44 0.63 1.00     
O-6 0.16 0.21 0.25 0.21 0.38 0.41 0.41 0.28 0.27 0.31 0.36 0.38 0.32 0.32 0.57 0.70 1.00    
O-8 0.16 0.20 0.24 0.21 0.40 0.37 0.44 0.37 0.31 0.39 0.48 0.46 0.35 0.40 0.72 0.78 0.70 1.00   
O-9 0.18 0.25 0.25 0.25 0.38 0.31 0.38 0.43 0.40 0.43 0.56 0.54 0.45 0.46 0.85 0.67 0.55 0.78 1.00  
O-10 0.16 0.22 0.23 0.23 0.44 0.37 0.43 0.36 0.30 0.38 0.43 0.44 0.38 0.43 0.70 0.77 0.72 0.93 0.75 1.00 
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TD-M-1 1.00                    
TD-M-2 0.87 1.00                   
TD-M-3 0.84 0.90 1.00                  
RM-M-1 0.00 0.02 -0.01 1.00                 
RM-M-2 -0.03 -0.04 -0.04 0.83 1.00                
RM-M-3 -0.07 -0.06 -0.08 0.84 0.90 1.00               
PM-M-1 -0.01 -0.04 -0.08 0.11 0.09 0.13 1.00              
PM-M-2 -0.01 -0.05 -0.10 0.11 0.09 0.14 0.78 1.00             
PM-M-3 -0.06 -0.11 -0.13 0.10 0.09 0.12 0.79 0.84 1.00            
GC-M-1 0.03 -0.01 -0.03 0.02 0.01 0.01 0.19 0.22 0.20 1.00           
GC-M-2 -0.01 -0.03 -0.03 0.06 0.06 0.07 0.14 0.15 0.19 0.73 1.00          
GC-M-3 -0.02 -0.02 -0.03 0.06 0.04 0.07 0.19 0.18 0.20 0.77 0.81 1.00         
RME-M-1 -0.15 -0.16 -0.16 0.54 0.58 0.56 0.04 0.00 0.02 0.00 0.09 0.06 1.00        
RME-M-2 -0.07 -0.09 -0.11 0.55 0.61 0.60 0.12 0.12 0.11 0.01 0.07 0.01 0.74 1.00       
RME-M-3 -0.17 -0.16 -0.21 0.54 0.56 0.58 0.12 0.11 0.09 0.04 0.08 0.05 0.73 0.86 1.00      
PME-M-1 -0.06 -0.10 -0.12 0.05 0.02 0.02 0.53 0.52 0.58 0.17 0.19 0.16 0.18 0.25 0.24 1.00     
PME-M-2 -0.06 -0.11 -0.13 0.14 0.13 0.14 0.53 0.52 0.58 0.09 0.14 0.10 0.24 0.36 0.33 0.78 1.00    
PME-M-3 -0.07 -0.11 -0.12 0.11 0.08 0.10 0.52 0.52 0.58 0.10 0.14 0.11 0.22 0.32 0.30 0.79 0.95 1.00   
GCE-M-1 -0.09 -0.10 -0.13 -0.04 -0.04 -0.05 0.12 0.12 0.16 0.62 0.66 0.67 0.22 0.09 0.14 0.30 0.28 0.28 1.00  
GCE-M-2 -0.06 -0.09 -0.11 0.00 0.01 0.00 0.17 0.17 0.16 0.69 0.67 0.67 0.17 0.16 0.18 0.29 0.29 0.29 0.84 1.00 
GCE-M-3 -0.08 -0.11 -0.16 -0.01 -0.03 -0.02 0.18 0.17 0.19 0.69 0.65 0.68 0.18 0.09 0.16 0.35 0.29 0.29 0.90 0.88 
PS-M-1 -0.13 -0.18 -0.21 0.09 0.08 0.08 0.29 0.26 0.31 0.32 0.33 0.32 0.25 0.28 0.30 0.47 0.50 0.48 0.54 0.58 
PS-M-2 -0.15 -0.20 -0.22 0.07 0.08 0.09 0.28 0.26 0.32 0.34 0.35 0.35 0.24 0.25 0.26 0.44 0.46 0.45 0.55 0.58 
PS-M-3 -0.14 -0.18 -0.20 0.07 0.09 0.10 0.28 0.25 0.31 0.31 0.32 0.33 0.27 0.27 0.29 0.43 0.47 0.44 0.53 0.55 
PK-M-1 -0.23 -0.27 -0.27 0.21 0.25 0.23 0.22 0.20 0.23 0.26 0.29 0.27 0.37 0.31 0.33 0.32 0.38 0.37 0.38 0.36 
PK-M-2 -0.19 -0.27 -0.25 0.18 0.24 0.24 0.24 0.27 0.26 0.31 0.31 0.32 0.33 0.29 0.30 0.31 0.39 0.36 0.43 0.45 
PK-M-3 -0.22 -0.25 -0.24 0.21 0.29 0.26 0.17 0.17 0.18 0.26 0.28 0.27 0.43 0.33 0.33 0.29 0.37 0.34 0.39 0.37 
PB-M-1 -0.15 -0.17 -0.21 0.15 0.15 0.17 0.22 0.20 0.24 0.21 0.23 0.26 0.27 0.25 0.26 0.26 0.33 0.32 0.30 0.33 
PB-M-2 -0.13 -0.17 -0.17 0.10 0.15 0.13 0.20 0.18 0.20 0.23 0.26 0.26 0.27 0.21 0.23 0.31 0.39 0.37 0.37 0.36 
PB-M-3 -0.12 -0.16 -0.17 0.14 0.14 0.18 0.20 0.18 0.24 0.31 0.29 0.33 0.19 0.19 0.21 0.24 0.30 0.31 0.34 0.36 
O-1 -0.13 -0.17 -0.18 0.13 0.18 0.19 0.10 0.14 0.12 0.20 0.17 0.21 0.26 0.23 0.21 0.17 0.19 0.18 0.26 0.27 
O-2 -0.11 -0.15 -0.15 0.08 0.11 0.13 0.14 0.16 0.16 0.23 0.17 0.20 0.22 0.18 0.18 0.21 0.24 0.22 0.30 0.29 
O-3 -0.14 -0.18 -0.21 0.09 0.16 0.11 0.14 0.15 0.12 0.26 0.23 0.26 0.26 0.20 0.23 0.23 0.27 0.24 0.32 0.33 
O-7 -0.10 -0.14 -0.16 0.12 0.20 0.15 0.08 0.08 0.06 0.20 0.20 0.21 0.28 0.25 0.24 0.14 0.19 0.17 0.27 0.23 
O-4 -0.08 -0.15 -0.15 0.06 0.09 0.11 0.04 0.10 0.11 0.17 0.19 0.21 0.22 0.13 0.13 0.19 0.22 0.23 0.31 0.24 
O-5 -0.04 -0.10 -0.11 0.11 0.13 0.10 0.11 0.07 0.12 0.15 0.25 0.17 0.24 0.17 0.17 0.18 0.16 0.14 0.23 0.22 
O-6 0.01 -0.05 -0.02 0.10 0.11 0.11 0.04 0.09 0.09 0.12 0.13 0.08 0.20 0.15 0.11 0.16 0.11 0.13 0.15 0.14 
O-8 -0.02 -0.05 -0.07 0.12 0.12 0.12 0.08 0.08 0.12 0.08 0.18 0.11 0.20 0.14 0.14 0.16 0.16 0.16 0.20 0.13 
O-9 -0.04 -0.11 -0.13 0.06 0.09 0.09 0.03 0.04 0.06 0.12 0.15 0.14 0.22 0.11 0.14 0.16 0.17 0.16 0.24 0.16 
O-10 0.01 -0.04 -0.03 0.08 0.08 0.08 0.07 0.09 0.10 0.11 0.18 0.12 0.19 0.13 0.14 0.14 0.13 0.13 0.20 0.13 
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TD-M-1                     
TD-M-2                     
TD-M-3                     
RM-M-1                     
RM-M-2                     
RM-M-3                     
PM-M-1                     
PM-M-2                     
PM-M-3                     
GC-M-1                     
GC-M-2                     
GC-M-3                     
RME-M-1                     
RME-M-2                     
RME-M-3                     
PME-M-1                     
PME-M-2                     
PME-M-3                     
GCE-M-1                     
GCE-M-2                     
GCE-M-3 1.00                    
PS-M-1 0.56 1.00                   
PS-M-2 0.57 0.90 1.00                  
PS-M-3 0.54 0.90 0.92 1.00                 
PK-M-1 0.35 0.59 0.56 0.62 1.00                
PK-M-2 0.43 0.62 0.64 0.66 0.69 1.00               
PK-M-3 0.37 0.60 0.59 0.61 0.81 0.71 1.00              
PB-M-1 0.32 0.48 0.46 0.47 0.66 0.53 0.60 1.00             
PB-M-2 0.38 0.44 0.44 0.45 0.66 0.56 0.65 0.79 1.00            
PB-M-3 0.39 0.44 0.43 0.42 0.51 0.60 0.55 0.70 0.67 1.00           
O-1 0.26 0.33 0.32 0.34 0.57 0.51 0.58 0.61 0.60 0.51 1.00          
O-2 0.30 0.38 0.37 0.40 0.60 0.50 0.62 0.60 0.61 0.51 0.91 1.00         
O-3 0.31 0.46 0.43 0.45 0.65 0.54 0.72 0.59 0.63 0.48 0.67 0.72 1.00        
O-7 0.24 0.31 0.30 0.34 0.56 0.42 0.55 0.53 0.61 0.40 0.59 0.62 0.76 1.00       
O-4 0.26 0.30 0.32 0.35 0.51 0.41 0.45 0.45 0.49 0.43 0.56 0.55 0.49 0.50 1.00      
O-5 0.20 0.30 0.28 0.30 0.47 0.33 0.41 0.45 0.42 0.36 0.45 0.42 0.40 0.44 0.63 1.00     
O-6 0.12 0.22 0.22 0.23 0.43 0.26 0.34 0.32 0.29 0.21 0.36 0.38 0.32 0.32 0.57 0.70 1.00    
O-8 0.15 0.20 0.22 0.24 0.43 0.28 0.35 0.38 0.40 0.31 0.48 0.46 0.35 0.40 0.72 0.78 0.70 1.00   
O-9 0.20 0.25 0.26 0.28 0.48 0.33 0.40 0.47 0.50 0.37 0.56 0.54 0.45 0.46 0.85 0.67 0.55 0.78 1.00  
O-10 0.14 0.19 0.20 0.24 0.41 0.29 0.35 0.35 0.38 0.30 0.43 0.44 0.38 0.43 0.70 0.77 0.72 0.93 0.75 1.00 
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Table A.2.10: Correlation matrix for among all items used for testing hypothesis 1 (extent 






































































































TDB1 1.00                    
TDB2 0.76 1.00                   
TDB3 0.66 0.75 1.00                  
TDM1 0.38 0.37 0.29 1.00                 
TDM2 0.35 0.35 0.25 0.87 1.00                
TDM3 0.34 0.37 0.25 0.84 0.90 1.00               
RMB1 0.08 0.01 0.09 -0.01 -0.02 -0.03 1.00              
RMB2 0.07 -0.03 0.06 0.04 0.02 0.00 0.73 1.00             
RMB3 0.06 0.04 0.08 0.02 0.04 0.04 0.62 0.65 1.00            
RMM1 0.10 0.02 0.09 0.00 0.02 -0.01 0.55 0.52 0.50 1.00           
RMM2 0.06 0.01 0.06 -0.03 -0.04 -0.04 0.51 0.43 0.42 0.83 1.00          
RMM3 0.05 -0.04 0.02 -0.07 -0.06 -0.08 0.53 0.49 0.45 0.84 0.90 1.00         
PMM1 0.11 0.08 0.08 -0.01 -0.04 -0.08 0.08 0.02 0.04 0.11 0.09 0.13 1.00        
PMM2 0.17 0.10 0.15 -0.01 -0.05 -0.10 0.07 0.06 0.02 0.11 0.09 0.14 0.78 1.00       
PMM3 0.10 0.08 0.12 -0.06 -0.11 -0.13 0.09 0.00 -0.04 0.10 0.09 0.12 0.79 0.84 1.00      
PMB1 0.04 0.12 0.16 0.04 0.01 -0.02 -0.01 -0.08 0.03 0.00 -0.03 -0.02 0.51 0.45 0.49 1.00     
PMB2 0.09 0.06 0.08 0.07 -0.01 -0.02 0.01 -0.03 0.00 0.03 0.01 0.02 0.63 0.54 0.58 0.68 1.00    
PMB3 0.11 0.09 0.12 -0.04 -0.09 -0.12 -0.03 -0.08 -0.07 0.04 0.03 0.03 0.60 0.57 0.61 0.60 0.71 1.00   
GCB1 0.13 0.15 0.16 0.02 -0.01 -0.01 0.01 0.03 -0.03 0.00 0.01 0.00 0.12 0.12 0.11 0.04 0.04 0.10 1.00  
GCB2 0.07 0.07 0.10 -0.05 -0.06 -0.08 0.00 0.00 -0.05 0.05 0.02 0.04 0.20 0.15 0.14 0.09 0.07 0.20 0.68 1.00 
GCB3 0.04 0.05 0.08 -0.09 -0.10 -0.11 0.03 0.05 0.04 0.06 0.05 0.05 0.20 0.15 0.17 0.06 0.15 0.14 0.72 0.77 
GCM1 0.06 0.08 0.14 0.03 -0.01 -0.03 -0.08 0.03 0.00 0.02 0.01 0.01 0.19 0.22 0.20 0.19 0.17 0.23 0.57 0.67 
GCM2 0.09 0.08 0.06 -0.01 -0.03 -0.03 -0.04 0.02 -0.03 0.06 0.06 0.07 0.14 0.15 0.19 0.13 0.16 0.14 0.57 0.63 
GCM3 0.09 0.08 0.11 -0.02 -0.02 -0.03 -0.02 0.05 -0.02 0.06 0.04 0.07 0.19 0.18 0.20 0.13 0.15 0.18 0.55 0.68 
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TDB1     
TDB2     
TDB3     
TDM1     
TDM2     
TDM3     
RMB1     
RMB2     
RMB3     
RMM1     
RMM2     
RMM3     
PMM1     
PMM2     
PMM3     
PMB1     
PMB2     
PMB3     
GCB1     
GCB2     
GCB3 1.00    
GCM1 0.63 1.00   
GCM2 0.62 0.73 1.00  
GCM3 0.65 0.77 0.81 1.00 
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Table A.2.11: Correlation among all items used for testing hypothesis 2 (effectiveness of 




















































































































TDB1 1.00                    
TDB2 0.76 1.00                   
TDB3 0.66 0.75 1.00                  
TDM1 0.38 0.37 0.29 1.00                 
TDM2 0.35 0.35 0.25 0.87 1.00                
TDM3 0.34 0.37 0.25 0.84 0.90 1.00               
RMEB1 0.10 -0.01 0.04 -0.05 -0.05 -0.08 1.00              
RMEB2 0.13 0.01 0.04 -0.10 -0.09 -0.11 0.83 1.00             
RMEB3 0.15 0.03 0.09 -0.01 -0.02 -0.04 0.86 0.81 1.00            
RMEM1 0.06 -0.04 0.01 -0.15 -0.16 -0.16 0.68 0.75 0.66 1.00 0.74          
RMEM2 0.11 -0.04 0.01 -0.07 -0.09 -0.11 0.79 0.69 0.69 0.74 1.00 0.86         
RMEM3 0.12 -0.03 0.04 -0.17 -0.16 -0.21 0.71 0.66 0.65 0.73 0.86 1.00         
PMEB1 0.10 0.09 0.13 -0.06 -0.09 -0.11 0.19 0.17 0.15 0.16 0.21 0.23 1.00        
PMEB2 0.09 0.01 0.05 -0.06 -0.09 -0.12 0.18 0.18 0.16 0.15 0.20 0.19 0.79 1.00       
PMEB3 0.09 0.03 0.08 -0.03 -0.06 -0.09 0.17 0.14 0.13 0.11 0.22 0.21 0.81 0.82 1.00      
PMEM1 0.10 0.07 0.11 -0.06 -0.10 -0.12 0.25 0.19 0.20 0.18 0.25 0.24 0.85 0.70 0.73 1.00     
PMEM2 0.11 0.02 0.07 -0.06 -0.11 -0.13 0.28 0.28 0.24 0.24 0.36 0.33 0.71 0.72 0.69 0.78 1.00    
PMEM3 0.12 0.04 0.10 -0.07 -0.11 -0.12 0.24 0.25 0.23 0.22 0.32 0.30 0.73 0.74 0.70 0.79 0.95 1.00   
GCEB1 0.09 0.06 0.05 -0.08 -0.10 -0.13 0.07 0.13 0.04 0.14 0.14 0.14 0.35 0.35 0.32 0.33 0.26 0.29 1.00  
GCEB2 0.12 0.10 0.10 -0.03 -0.06 -0.08 0.11 0.14 0.06 0.15 0.14 0.16 0.30 0.33 0.30 0.30 0.26 0.27 0.89 1.00 
GCEB3 0.14 0.13 0.15 0.00 -0.04 -0.08 0.08 0.12 0.07 0.11 0.12 0.16 0.30 0.28 0.29 0.31 0.25 0.27 0.84 0.88 
GCEM1 0.06 0.03 0.04 -0.09 -0.10 -0.13 0.06 0.14 0.02 0.22 0.09 0.14 0.28 0.28 0.24 0.30 0.28 0.28 0.81 0.78 
GCEM2 0.07 0.04 0.05 -0.06 -0.09 -0.11 0.13 0.15 0.08 0.17 0.16 0.18 0.28 0.26 0.27 0.29 0.29 0.29 0.81 0.78 
GCEM3 0.07 0.05 0.08 -0.08 -0.11 -0.16 0.07 0.12 0.04 0.18 0.09 0.16 0.32 0.28 0.27 0.35 0.29 0.29 0.84 0.83 
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TDB1     
TDB2     
TDB3     
TDM1     
TDM2     
TDM3     
RMEB1     
RMEB2     
RMEB3     
RMEM1     
RMEM2     
RMEM3     
PMEB1     
PMEB2     
PMEB3     
PMEM1     
PMEM2     
PMEM3     
GCEB1     
GCEB2     
GCEB3 1.00    
GCEM1 0.72 1.00   
GCEM2 0.76 0.84 1.00  
GCEM3 0.78 0.90 0.88 1.00 
 
372 


































































































PS-B-1 1.00                    
PS-B-2 0.66 1.00                   
PS-B-3 0.72 0.82 1.00                  
PS-M-1 0.63 0.60 0.57 1.00                 
PS-M-2 0.60 0.56 0.55 0.90 1.00                
PS-M-3 0.60 0.59 0.60 0.90 0.92 1.00               
PK-B-1 0.49 0.57 0.57 0.46 0.48 0.50 1.00              
PK-B-2 0.47 0.62 0.56 0.44 0.45 0.43 0.75 1.00             
PK-B-3 0.48 0.54 0.52 0.42 0.41 0.44 0.77 0.72 1.00            
PK-M-1 0.49 0.45 0.49 0.59 0.56 0.62 0.63 0.49 0.63 1.00           
PK-M-2 0.46 0.50 0.56 0.62 0.64 0.66 0.55 0.53 0.47 0.69 1.00          
PK-M-3 0.49 0.49 0.48 0.60 0.59 0.61 0.59 0.59 0.56 0.81 0.71 1.00         
PB-B-1 0.38 0.37 0.38 0.40 0.37 0.42 0.51 0.41 0.52 0.60 0.47 0.57 1.00 0.85       
PB-B-2 0.39 0.38 0.40 0.38 0.35 0.40 0.46 0.41 0.47 0.58 0.48 0.56 0.85 1.00       
PB-B-3 0.35 0.39 0.39 0.35 0.33 0.36 0.53 0.44 0.60 0.54 0.39 0.53 0.79 0.77 1.00      
PB-M-1 0.35 0.33 0.34 0.48 0.46 0.47 0.49 0.42 0.53 0.66 0.53 0.60 0.64 0.63 0.60 1.00 0.79    
PB-M-2 0.35 0.34 0.37 0.44 0.44 0.45 0.53 0.45 0.52 0.66 0.56 0.65 0.62 0.65 0.65 0.79 1.00    
PB-M-3 0.35 0.31 0.35 0.44 0.43 0.42 0.37 0.38 0.37 0.51 0.60 0.55 0.48 0.50 0.46 0.70 0.67 1.00   
O-1 0.28 0.34 0.30 0.34 0.32 0.34 0.43 0.43 0.43 0.57 0.51 0.58 0.52 0.49 0.50 0.61 0.60 0.51 1.00  
O-2 0.33 0.33 0.31 0.38 0.37 0.40 0.44 0.43 0.43 0.60 0.50 0.63 0.54 0.50 0.50 0.60 0.61 0.51 0.91 1.00 
O-3 0.40 0.40 0.42 0.46 0.43 0.45 0.54 0.48 0.51 0.65 0.54 0.72 0.56 0.51 0.54 0.59 0.63 0.48 0.67 0.72 
O-7 0.27 0.28 0.29 0.31 0.30 0.34 0.44 0.36 0.43 0.56 0.42 0.56 0.51 0.48 0.46 0.53 0.61 0.40 0.59 0.62 
O-4 0.32 0.33 0.32 0.30 0.32 0.35 0.45 0.39 0.39 0.51 0.41 0.45 0.43 0.45 0.47 0.45 0.49 0.43 0.56 0.55 
O-5 0.25 0.29 0.26 0.30 0.28 0.30 0.48 0.39 0.42 0.47 0.33 0.41 0.36 0.33 0.38 0.45 0.42 0.36 0.45 0.42 
O-6 0.21 0.25 0.21 0.23 0.22 0.23 0.38 0.41 0.41 0.43 0.26 0.34 0.28 0.27 0.31 0.32 0.29 0.21 0.36 0.38 
O-8 0.20 0.24 0.21 0.20 0.22 0.24 0.40 0.37 0.44 0.43 0.28 0.35 0.37 0.31 0.39 0.38 0.40 0.31 0.48 0.46 
O-9 0.25 0.25 0.25 0.25 0.26 0.28 0.38 0.31 0.38 0.48 0.33 0.40 0.43 0.40 0.43 0.47 0.50 0.37 0.56 0.54 
O-10 0.22 0.23 0.23 0.19 0.20 0.24 0.44 0.37 0.43 0.41 0.29 0.35 0.36 0.30 0.38 0.35 0.38 0.30 0.43 0.44 
 
373 




























PS-B-1         
PS-B-2         
PS-B-3         
PS-M-1         
PS-M-2         
PS-M-3         
PK-B-1         
PK-B-2         
PK-B-3         
PK-M-1         
PK-M-2         
PK-M-3         
PB-B-1         
PB-B-2         
PB-B-3         
PB-M-1         
PB-M-2         
PB-M-3         
O-1         
O-2         
O-3 1.00        
O-7 0.76 1.00       
O-4 0.49 0.50 1.00      
O-5 0.40 0.44 0.63 1.00     
O-6 0.32 0.32 0.57 0.70 1.00    
O-8 0.35 0.40 0.72 0.79 0.70 1.00   
O-9 0.45 0.46 0.85 0.67 0.55 0.78 1.00  
O-10 0.38 0.43 0.70 0.77 0.72 0.93 0.75 1.00 
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Table A.3.8: Correlation matrix for the task of measuring blood glucose level perceptual 










































































































RE-B1 1.00                    
RE-B2 0.63 1.00                   
RE-B3 0.86 0.57 1.00                  
ST-B1 0.62 0.49 0.62 1.00                 
ST-B2 0.58 0.48 0.53 0.77 1.00                
ST-B3 0.48 0.53 0.46 0.70 0.78 1.00               
BE-B1 0.70 0.56 0.65 0.66 0.61 0.51 1.00              
BE-B2 0.61 0.59 0.60 0.72 0.56 0.55 0.77 1.00             
BE-B3 0.53 0.53 0.52 0.69 0.62 0.62 0.65 0.85 1.00            
PR-B1 0.37 0.25 0.28 0.28 0.26 0.20 0.36 0.38 0.33 1.00           
PR-B2 0.35 0.27 0.29 0.32 0.29 0.24 0.36 0.41 0.36 0.75 1.00          
PR-B3 0.37 0.24 0.30 0.29 0.24 0.20 0.33 0.36 0.28 0.75 0.86 1.00         
PK-B1 0.40 0.34 0.31 0.38 0.35 0.30 0.39 0.43 0.42 0.63 0.71 0.64 1.00        
PK-B2 0.41 0.33 0.32 0.37 0.41 0.37 0.43 0.46 0.47 0.55 0.62 0.56 0.70 1.00       
PK-B3 0.38 0.29 0.32 0.37 0.33 0.34 0.37 0.38 0.35 0.67 0.76 0.73 0.78 0.70 1.00      
PMoB1 0.35 0.23 0.28 0.28 0.24 0.18 0.32 0.34 0.28 0.69 0.76 0.80 0.67 0.50 0.62 1.00     
PMoB2 0.31 0.22 0.25 0.30 0.24 0.19 0.35 0.36 0.30 0.69 0.79 0.71 0.68 0.52 0.68 0.86 1.00    
PMoB3 0.34 0.22 0.27 0.28 0.30 0.20 0.38 0.38 0.34 0.69 0.71 0.68 0.65 0.55 0.61 0.83 0.82 1.00   
PB-B1 0.25 0.21 0.23 0.22 0.20 0.17 0.25 0.29 0.25 0.64 0.58 0.54 0.50 0.39 0.50 0.67 0.71 0.73 1.00  
PB-B2 0.27 0.18 0.26 0.25 0.21 0.16 0.29 0.31 0.31 0.63 0.54 0.50 0.46 0.39 0.45 0.65 0.68 0.72 0.87 1.00 
PB-B3 0.29 0.21 0.24 0.23 0.19 0.15 0.32 0.29 0.23 0.60 0.61 0.56 0.51 0.41 0.61 0.65 0.72 0.68 0.78 0.73 
O1 0.15 0.14 0.15 0.18 0.18 0.13 0.21 0.28 0.25 0.36 0.40 0.38 0.43 0.42 0.39 0.41 0.44 0.52 0.44 0.42 
O2 0.19 0.13 0.19 0.20 0.25 0.15 0.23 0.27 0.25 0.35 0.42 0.39 0.45 0.43 0.41 0.44 0.47 0.57 0.46 0.44 
O3 0.30 0.24 0.23 0.29 0.30 0.22 0.39 0.38 0.34 0.52 0.52 0.50 0.58 0.49 0.53 0.57 0.62 0.64 0.47 0.46 
O7 0.16 0.12 0.16 0.14 0.14 0.12 0.20 0.18 0.19 0.52 0.46 0.50 0.41 0.32 0.43 0.54 0.51 0.52 0.43 0.41 
O4 0.16 0.08 0.21 0.21 0.21 0.16 0.25 0.24 0.24 0.32 0.43 0.37 0.44 0.35 0.40 0.39 0.44 0.43 0.36 0.35 
O5 0.13 0.09 0.11 0.14 0.14 0.12 0.17 0.18 0.19 0.38 0.42 0.42 0.47 0.33 0.36 0.43 0.42 0.35 0.30 0.27 
O6 0.11 0.07 0.09 0.09 0.13 0.07 0.16 0.16 0.16 0.37 0.40 0.42 0.36 0.38 0.35 0.33 0.32 0.29 0.24 0.22 
O8 0.06 0.04 0.10 0.11 0.10 0.07 0.16 0.16 0.14 0.30 0.38 0.35 0.38 0.31 0.38 0.31 0.36 0.35 0.34 0.28 
O9 0.11 0.05 0.15 0.15 0.13 0.08 0.15 0.19 0.19 0.28 0.37 0.31 0.39 0.27 0.35 0.33 0.37 0.36 0.36 0.35 
O10 0.08 0.05 0.09 0.11 0.10 0.06 0.15 0.17 0.17 0.33 0.39 0.37 0.42 0.33 0.40 0.32 0.36 0.35 0.32 0.27 
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RE-B1            
RE-B2            
RE-B3            
ST-B1            
ST-B2            
ST-B3            
BE-B1            
BE-B2            
BE-B3            
PR-B1            
PR-B2            
PR-B3            
PK-B1            
PK-B2            
PK-B3            
PMoB1            
PMoB2            
PMoB3            
PB-B1            
PB-B2            
PB-B3 1.00           
O1 0.43 1.00          
O2 0.43 0.92 1.00         
O3 0.47 0.65 0.69 1.00        
O7 0.39 0.54 0.56 0.68 1.00       
O4 0.39 0.52 0.54 0.43 0.47 1.00      
O5 0.33 0.44 0.43 0.38 0.41 0.66 1.00     
O6 0.26 0.34 0.36 0.29 0.30 0.59 0.69 1.00    
O8 0.38 0.49 0.49 0.37 0.40 0.77 0.79 0.68 1.00   
O9 0.39 0.54 0.53 0.42 0.41 0.87 0.67 0.53 0.79 1.00  
O10 0.37 0.44 0.46 0.38 0.43 0.75 0.78 0.71 0.93 0.76 1.00 
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RE-M1 1.00                    
RE-M2 0.68 1.00                   
RE-M3 0.79 0.69 1.00                  
ST-M1 0.54 0.60 0.62 1.00                 
ST-M2 0.55 0.73 0.54 0.82 1.00                
ST-M3 0.52 0.55 0.56 0.79 0.74 1.00               
BE-M1 0.64 0.79 0.66 0.71 0.79 0.63 1.00              
BE-M2 0.62 0.80 0.62 0.70 0.81 0.64 0.93 1.00             
BE-M3 0.63 0.77 0.65 0.70 0.78 0.62 0.92 0.94 1.00            
PR-M1 0.30 0.32 0.28 0.37 0.35 0.35 0.30 0.30 0.30 1.00           
PR-M2 0.24 0.36 0.27 0.35 0.34 0.33 0.31 0.32 0.31 0.71 1.00          
PR-M3 0.30 0.33 0.31 0.38 0.35 0.36 0.30 0.30 0.32 0.78 0.83 1.00         
PK-M1 0.28 0.36 0.27 0.46 0.45 0.46 0.40 0.40 0.39 0.64 0.76 0.75 1.00        
PK-M2 0.32 0.46 0.34 0.50 0.53 0.49 0.48 0.49 0.45 0.57 0.60 0.57 0.71 1.00       
PK-M3 0.36 0.41 0.34 0.46 0.48 0.46 0.44 0.43 0.45 0.58 0.67 0.63 0.79 0.74 1.00      
PmoM1 0.29 0.30 0.24 0.39 0.38 0.42 0.32 0.32 0.35 0.57 0.68 0.65 0.78 0.65 0.72 1.00     
PmoM2 0.27 0.33 0.26 0.40 0.41 0.38 0.36 0.36 0.36 0.62 0.71 0.66 0.82 0.66 0.76 0.78 1.00    
PMoM3 0.31 0.36 0.28 0.46 0.44 0.45 0.38 0.36 0.37 0.55 0.54 0.54 0.70 0.78 0.73 0.77 0.72 1.00   
PB-M1 0.14 0.23 0.18 0.38 0.34 0.35 0.26 0.26 0.30 0.51 0.57 0.55 0.65 0.53 0.58 0.74 0.66 0.67 1.00  
PB-M2 0.24 0.28 0.20 0.39 0.36 0.37 0.28 0.30 0.34 0.51 0.57 0.56 0.62 0.56 0.63 0.69 0.70 0.64 0.77 1.00 
PB-M3 0.21 0.28 0.18 0.39 0.40 0.38 0.31 0.29 0.31 0.40 0.39 0.40 0.48 0.62 0.54 0.58 0.49 0.70 0.70 0.66 
`O1 0.17 0.23 0.11 0.27 0.29 0.31 0.21 0.21 0.21 0.40 0.48 0.45 0.53 0.49 0.55 0.64 0.57 0.58 0.60 0.57 
O2 0.16 0.21 0.15 0.28 0.29 0.34 0.21 0.19 0.21 0.42 0.49 0.46 0.59 0.53 0.61 0.67 0.62 0.62 0.60 0.60 
O3 0.24 0.24 0.23 0.36 0.35 0.39 0.23 0.24 0.25 0.50 0.58 0.56 0.63 0.55 0.70 0.69 0.62 0.57 0.59 0.60 
O7 0.15 0.21 0.17 0.26 0.25 0.26 0.12 0.13 0.15 0.49 0.51 0.51 0.50 0.42 0.49 0.52 0.52 0.49 0.51 0.59 
O4 0.10 0.23 0.12 0.25 0.27 0.28 0.23 0.23 0.24 0.33 0.45 0.43 0.46 0.37 0.39 0.50 0.41 0.39 0.45 0.44 
O5 0.10 0.20 0.11 0.20 0.24 0.29 0.18 0.20 0.22 0.32 0.49 0.44 0.42 0.30 0.34 0.47 0.38 0.34 0.44 0.39 
O6 0.08 0.13 0.09 0.18 0.17 0.23 0.08 0.10 0.08 0.33 0.38 0.41 0.35 0.27 0.26 0.34 0.30 0.25 0.28 0.25 
O8 0.06 0.14 0.05 0.16 0.17 0.24 0.10 0.12 0.12 0.28 0.44 0.40 0.38 0.26 0.30 0.44 0.34 0.31 0.39 0.40 
O9 0.08 0.17 0.07 0.18 0.21 0.23 0.19 0.20 0.20 0.26 0.41 0.37 0.43 0.29 0.34 0.50 0.39 0.36 0.46 0.47 
O10 0.06 0.14 0.07 0.14 0.14 0.21 0.10 0.10 0.12 0.29 0.42 0.43 0.38 0.29 0.30 0.44 0.34 0.31 0.37 0.38 
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RE-M1            
RE-M2            
RE-M3            
ST-M1            
ST-M2            
ST-M3            
BE-M1            
BE-M2            
BE-M3            
PR-M1            
PR-M2            
PR-M3            
PK-M1            
PK-M2            
PK-M3            
PmoM1            
PmoM2            
PMoM3            
PB-M1            
PB-M2            
PB-M3 1.00           
`O1 0.48 1.00          
O2 0.50 0.92 1.00         
O3 0.45 0.65 0.69 1.00        
O7 0.39 0.54 0.56 0.68 1.00       
O4 0.36 0.52 0.54 0.43 0.47 1.00      
O5 0.33 0.44 0.43 0.38 0.41 0.66 1.00     
O6 0.20 0.34 0.36 0.29 0.30 0.59 0.69 1.00    
O8 0.30 0.49 0.49 0.37 0.40 0.77 0.79 0.68 1.00   
O9 0.32 0.54 0.53 0.42 0.41 0.87 0.67 0.53 0.79 1.00  
O10 0.30 0.44 0.46 0.38 0.43 0.75 0.78 0.71 0.93 0.76 1.00 
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Table A.4.7: Correlation matrix for the task of measuring blood glucose level perceptual 






























































































RM-B-1 1.00                   
RM-B-2 0.72 1.00                  
RM-B-3 0.62 0.64 1.00                 
PM-B-1 0.01 -0.08 0.03 1.00                
PM-B-2 -0.01 -0.04 -0.01 0.70 1.00               
PM-B-3 -0.07 -0.12 -0.10 0.62 0.73 1.00              
GC-B-1 -0.01 0.01 -0.06 0.05 0.05 0.10 1.00             
GC-B-2 -0.03 -0.03 -0.08 0.10 0.08 0.20 0.68 1.00            
GC-B-3 0.00 0.02 0.01 0.08 0.14 0.12 0.72 0.77 1.00           
T-1 0.07 0.03 0.05 0.04 -0.02 0.04 0.14 0.09 0.09 1.00          
T-2 0.11 0.13 0.15 -0.01 -0.01 0.01 0.08 0.06 0.07 0.46 1.00         
T-3 0.11 0.08 0.10 -0.04 -0.02 -0.01 0.01 -0.02 0.00 0.42 0.76 1.00        
T-4 0.12 0.14 0.12 -0.01 -0.01 -0.01 -0.06 -0.05 -0.06 0.40 0.59 0.67 1.00       
NumEduc 0.04 0.02 0.04 0.22 0.15 0.12 0.09 0.11 0.15 0.08 -0.04 0.07 -0.04 1.00      
TimeEdu -0.04 0.00 0.01 0.12 0.00 0.04 0.25 0.31 0.29 0.00 -0.08 -0.08 -0.15 0.54 1.00     
PS-B-1 -0.08 -0.06 -0.09 0.23 0.23 0.27 0.29 0.28 0.28 -0.07 -0.19 -0.24 -0.29 0.16 0.18 1.00    
PS-B-2 0.03 0.00 -0.01 0.22 0.24 0.22 0.14 0.17 0.15 -0.14 -0.26 -0.24 -0.23 0.10 0.10 0.68 1.00   
PS-B-3 -0.01 -0.03 -0.07 0.20 0.25 0.25 0.22 0.27 0.25 -0.14 -0.25 -0.26 -0.29 0.10 0.11 0.74 0.80 1.00  
PK-B-1 -0.03 -0.05 -0.02 0.13 0.21 0.19 0.23 0.29 0.28 -0.09 -0.19 -0.18 -0.28 0.11 0.13 0.52 0.53 0.58 1.00 
PK-B-2 -0.06 -0.08 -0.05 0.14 0.24 0.24 0.19 0.23 0.20 -0.10 -0.18 -0.18 -0.25 0.05 0.06 0.51 0.59 0.57 0.74 
PK-B-3 0.03 -0.02 0.02 0.14 0.20 0.26 0.18 0.26 0.23 -0.07 -0.16 -0.16 -0.15 0.11 0.13 0.45 0.52 0.50 0.77 
PB-B-1 0.09 0.06 0.02 0.01 0.02 0.06 0.13 0.15 0.12 -0.05 -0.08 -0.15 -0.14 0.03 0.09 0.37 0.36 0.38 0.52 
PB-B-2 0.05 0.02 0.01 0.02 0.05 0.10 0.11 0.17 0.14 -0.07 -0.15 -0.18 -0.17 0.03 0.07 0.38 0.36 0.39 0.46 
PB-B-3 -0.01 -0.04 -0.06 0.06 0.07 0.15 0.08 0.13 0.09 0.03 -0.06 -0.10 -0.09 0.00 0.07 0.33 0.38 0.37 0.52 
O-1 0.04 0.06 0.03 0.08 0.08 0.08 0.08 0.18 0.16 -0.02 -0.10 -0.15 -0.16 0.03 0.10 0.29 0.30 0.29 0.42 
O-2 0.03 0.08 0.00 0.09 0.11 0.12 0.12 0.21 0.20 -0.04 -0.10 -0.16 -0.19 0.03 0.11 0.34 0.33 0.32 0.45 
O-3 0.02 0.05 0.01 0.07 0.17 0.13 0.15 0.20 0.22 -0.12 -0.17 -0.21 -0.25 0.06 0.11 0.41 0.40 0.43 0.56 
O-7 0.05 0.09 0.09 0.02 0.08 0.05 0.08 0.13 0.17 -0.11 -0.15 -0.22 -0.14 0.05 0.12 0.25 0.26 0.28 0.40 
O-4 0.08 0.03 0.02 0.09 0.04 0.01 0.12 0.20 0.17 0.09 -0.10 -0.18 -0.09 0.03 0.09 0.29 0.31 0.31 0.41 
O-5 0.02 -0.01 0.05 0.12 0.08 0.05 0.14 0.16 0.12 0.10 -0.03 -0.06 -0.12 0.12 0.16 0.21 0.23 0.21 0.44 
O-6 0.16 0.16 0.16 0.06 0.02 0.03 0.08 0.11 0.08 0.04 -0.03 -0.05 -0.07 0.21 0.16 0.20 0.24 0.20 0.35 
O-8 0.12 0.03 0.09 0.11 0.05 0.02 0.05 0.13 0.08 0.07 -0.05 -0.10 -0.10 0.11 0.11 0.18 0.23 0.19 0.38 
O-9 0.10 0.06 0.04 0.09 0.00 -0.03 0.10 0.14 0.11 0.13 -0.05 -0.14 -0.06 0.04 0.06 0.24 0.23 0.23 0.33 
O-10 0.08 0.03 0.07 0.12 0.04 0.05 0.10 0.15 0.10 0.11 -0.05 -0.10 -0.08 0.13 0.12 0.20 0.23 0.22 0.42 
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RM-B-1                
RM-B-2                
RM-B-3                
PM-B-1                
PM-B-2                
PM-B-3                
GC-B-1                
GC-B-2                
GC-B-3                
T-1                
T-2                
T-3                
T-4                
NumEduc                
TimeEdu                
PS-B-1                
PS-B-2                
PS-B-3                
PK-B-1                
PK-B-2 1.00               
PK-B-3 0.71 1.00              
PB-B-1 0.39 0.49 1.00             
PB-B-2 0.39 0.43 0.85 1.00            
PB-B-3 0.41 0.57 0.77 0.75 1.00           
O-1 0.42 0.37 0.51 0.47 0.47 1.00          
O-2 0.43 0.40 0.53 0.50 0.48 0.93 1.00         
O-3 0.51 0.50 0.56 0.51 0.52 0.69 0.72 1.00        
O-7 0.34 0.40 0.50 0.46 0.44 0.56 0.58 0.73 1.00       
O-4 0.35 0.36 0.41 0.42 0.46 0.53 0.54 0.47 0.48 1.00      
O-5 0.34 0.36 0.34 0.28 0.35 0.42 0.41 0.37 0.40 0.61 1.00     
O-6 0.38 0.37 0.24 0.22 0.27 0.33 0.34 0.29 0.30 0.55 0.70 1.00    
O-8 0.33 0.40 0.34 0.26 0.36 0.46 0.45 0.34 0.39 0.71 0.79 0.67 1.00   
O-9 0.26 0.34 0.41 0.37 0.41 0.54 0.54 0.43 0.42 0.85 0.67 0.52 0.78 1.00  
O-10 0.35 0.40 0.33 0.25 0.36 0.42 0.42 0.35 0.41 0.69 0.78 0.70 0.93 0.75 1.00 
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RM-M-1 1.00                   
RM-M-2 0.81 1.00                  
RM-M-3 0.83 0.89 1.00                 
PM-M-1 0.11 0.10 0.14 1.00                
PM-M-2 0.11 0.09 0.14 0.79 1.00               
PM-M-3 0.10 0.09 0.13 0.79 0.84 1.00              
GC-M-1 0.00 -0.01 -0.01 0.18 0.22 0.20 1.00             
GC-M-2 0.03 0.02 0.03 0.12 0.15 0.19 0.74 1.00            
GC-M-3 0.02 0.00 0.03 0.18 0.18 0.20 0.77 0.81 1.00           
T-1 0.12 0.08 0.08 0.05 0.06 0.04 0.00 0.03 0.02 1.00          
T-2 0.12 0.10 0.07 0.05 0.03 0.01 0.02 0.00 0.06 0.46 1.00         
T-3 0.08 0.06 0.04 0.04 0.02 0.02 -0.07 -0.05 -0.01 0.42 0.76 1.00        
T-4 0.14 0.10 0.08 -0.03 0.01 -0.02 -0.05 -0.10 -0.08 0.40 0.59 0.67 1.00       
NumEduc -0.04 -0.09 -0.09 0.17 0.17 0.19 0.21 0.26 0.18 0.08 -0.04 0.07 -0.04 1.00      
TimeEdu -0.11 -0.15 -0.13 0.03 0.02 0.07 0.44 0.42 0.40 0.00 -0.08 -0.08 -0.15 0.54 1.00     
PS-M-1 0.06 0.06 0.07 0.28 0.27 0.29 0.32 0.33 0.32 -0.09 -0.16 -0.19 -0.29 0.22 0.24 1.00    
PS-M-2 0.06 0.09 0.10 0.27 0.26 0.30 0.35 0.35 0.35 -0.12 -0.16 -0.20 -0.29 0.17 0.24 0.91 1.00   
PS-M-3 0.03 0.06 0.08 0.26 0.25 0.31 0.33 0.34 0.34 -0.11 -0.17 -0.22 -0.29 0.18 0.22 0.91 0.95 1.00  
PK-M-1 0.15 0.20 0.18 0.20 0.20 0.25 0.27 0.30 0.27 -0.07 -0.16 -0.22 -0.26 0.12 0.12 0.62 0.60 0.64 1.00 
PK-M-2 0.14 0.22 0.22 0.22 0.28 0.27 0.34 0.34 0.34 -0.09 -0.19 -0.24 -0.26 0.15 0.21 0.64 0.67 0.68 0.69 
PK-M-3 0.16 0.26 0.22 0.15 0.18 0.20 0.29 0.30 0.29 -0.10 -0.18 -0.26 -0.30 0.10 0.16 0.64 0.63 0.64 0.81 
PB-M-1 0.11 0.12 0.15 0.22 0.22 0.26 0.23 0.24 0.26 0.04 -0.01 -0.04 -0.06 0.08 0.04 0.48 0.49 0.48 0.64 
PB-M-2 0.05 0.11 0.09 0.19 0.19 0.21 0.26 0.27 0.26 0.03 -0.09 -0.15 -0.18 0.08 0.07 0.45 0.46 0.46 0.62 
PB-M-3 0.10 0.11 0.15 0.21 0.20 0.25 0.32 0.29 0.32 0.08 -0.02 -0.12 -0.15 0.05 0.17 0.44 0.45 0.43 0.48 
O-1 0.08 0.15 0.16 0.08 0.14 0.13 0.20 0.19 0.21 -0.02 -0.10 -0.15 -0.16 0.03 0.10 0.36 0.36 0.36 0.56 
O-2 0.05 0.09 0.11 0.12 0.16 0.17 0.24 0.20 0.23 -0.04 -0.10 -0.16 -0.19 0.03 0.11 0.41 0.42 0.42 0.61 
O-3 0.06 0.14 0.09 0.13 0.18 0.14 0.26 0.24 0.27 -0.12 -0.17 -0.21 -0.25 0.06 0.11 0.49 0.48 0.46 0.65 
O-7 0.07 0.16 0.12 0.08 0.09 0.07 0.19 0.19 0.19 -0.11 -0.15 -0.22 -0.14 0.05 0.12 0.29 0.30 0.31 0.50 
O-4 0.01 0.04 0.07 0.05 0.10 0.11 0.16 0.17 0.18 0.09 -0.10 -0.18 -0.09 0.03 0.09 0.29 0.32 0.34 0.46 
O-5 0.04 0.07 0.04 0.11 0.07 0.13 0.15 0.23 0.14 0.10 -0.03 -0.06 -0.12 0.12 0.16 0.28 0.28 0.28 0.41 
O-6 0.06 0.07 0.07 0.04 0.09 0.09 0.12 0.11 0.04 0.04 -0.03 -0.05 -0.07 0.21 0.16 0.23 0.23 0.22 0.38 
O-8 0.07 0.08 0.08 0.08 0.08 0.12 0.08 0.16 0.09 0.07 -0.05 -0.10 -0.10 0.11 0.11 0.21 0.23 0.25 0.39 
O-9 0.02 0.05 0.06 0.02 0.04 0.07 0.14 0.16 0.13 0.13 -0.05 -0.14 -0.06 0.04 0.06 0.26 0.26 0.28 0.44 
O-10 0.04 0.04 0.05 0.06 0.08 0.10 0.11 0.18 0.11 0.11 -0.05 -0.10 -0.08 0.13 0.12 0.19 0.21 0.24 0.37 
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RM-M-1                
RM-M-2                
RM-M-3                
PM-M-1                
PM-M-2                
PM-M-3                
GC-M-1                
GC-M-2                
GC-M-3                
T-1                
T-2                
T-3                
T-4                
NumEduc                
TimeEdu                
PS-M-1                
PS-M-2                
PS-M-3                
PK-M-1                
PK-M-2 1.00               
PK-M-3 0.73 1.00              
PB-M-1 0.52 0.58 1.00             
PB-M-2 0.55 0.62 0.78 1.00            
PB-M-3 0.61 0.55 0.69 0.68 1.00           
O-1 0.51 0.58 0.61 0.58 0.50 1.00          
O-2 0.53 0.64 0.62 0.61 0.52 0.93 1.00         
O-3 0.57 0.72 0.58 0.62 0.48 0.69 0.72 1.00        
O-7 0.41 0.51 0.51 0.59 0.39 0.56 0.58 0.73 1.00       
O-4 0.37 0.40 0.42 0.47 0.41 0.53 0.54 0.47 0.48 1.00      
O-5 0.28 0.37 0.41 0.39 0.32 0.42 0.41 0.37 0.40 0.61 1.00     
O-6 0.25 0.28 0.29 0.25 0.19 0.33 0.34 0.29 0.30 0.55 0.70 1.00    
O-8 0.26 0.31 0.37 0.37 0.30 0.46 0.45 0.34 0.39 0.71 0.79 0.67 1.00   
O-9 0.29 0.35 0.45 0.46 0.36 0.54 0.54 0.43 0.42 0.85 0.67 0.52 0.78 1.00  
O-10 0.29 0.31 0.34 0.36 0.31 0.42 0.42 0.35 0.41 0.69 0.78 0.70 0.93 0.75 1.00 
 
